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Preface to the Seventh Edition 


Only frvuryeais have passed since the sixth edition oFI^x.KA‘onMrav^M>£V'was published., bur rapid developments 
in tile subject have made a new edition necessary, During this short period,, new infectious diseases have emerged 
nr re-emerged in new forms, For example. Severe Acute Respiratory Syndrome (SARS) virus appeared suddenly 
causing death and panic in many countries, and the bird Flu virus posed repeated pandemic threats. 

Microbiology baa become an increasingly important discipline, set to face new challenges. Exciting advances in 
diagnostic microbiology using sophisticated techniques can help in the rapid identification of flew pathogens and 
serve to contain them. This was shown by t he identification of the new S A RS vims wi thin weeks by concerted mult: ■ 
disciplinary international efforts. While such sciemi fit progress is a boon, some of it can be potentially dangerous, as 
for instance in the recent ease of chemical synthesis of a complete pathogenic poliovirus in the laboratory. 

Ia this edition, rho seventh, relevant new information has been added and all chapters revised and updated, 
maintaining the general formal of the book. Ihe jfbftbooJc eif Murmbiology has been in use now for more than a 
quarter of a femur/- It has benefited greatly from the comments and suggestions from students, teachers and other 
reader?- 

Their help is gratefully acknowledged. 


C. 1C. Jayafain Paniker 
Shandii, J/363J. East t£H Rood, 
Cslkuf, Kerala 07 006. 

Preface to the First Edition 

Many of the health problems in developing countries like India are different from chose of developed countries. 
Bacterial diseases still play a considerable rale in diseases in our country. Topics such as cholera and enteric diseases 
are Important to us though only of less or academ i< interest to the developed countries. Tile increasing importance 
of the newer knowledge in immunology to health and disease is not adequately stressed in most of the extant 
traetbonb,. Vi ms. diseases whit hare responsible for near ly 60 per cent of human illness require wider coverage. The 
general approach to the leaching of microbiology in itur country has aka been rather static. AH these factors called for 
a textbook of mlcrobudogy frame misled i« . :r..-m i: - hL- India- 

We therefore undertook this endeavour based on nur experience of teaching undergraduates and postgraduates for 
over two decades. VWe omitted the discipline of parasitology from out book since we already have an excellent 
textbook on the subject published in India, 

1 h is book has taken ns over three years to wri re and over a year in publication, N sturdily we would be out of date to 
a certain and inevitable extent. We do not claim any perfection. On the contrary we have requested medical 
Students and teachers ill over the country Co write to us about any shortcomings and give us suggestions as to how 
tr> improve the book. We shall spare no pains in seeing that their valuable su gg estions are given effect to in out 
second edi (ion. 


R. Ananthanarayan 
C .K. Jayaram Paniker 
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Medina] microbiology' in the study of microbes that 
infect humans, the diseases they auu, their 
diagnosis., prevention and treatment, It also deals 
with the response of the human host to microbial 
and other antigens. 

Disease and death have always held the 
attention of the human mind. Ancient humans 
ascribed them to divine wrath and other supernatural 
forces. Later,, other concepts such as the effect of 
the environment, of bodily eonstitudon and of faulty 
diet were proposed. There have been, from, very 
early times, occasional suggestions that diseases may 
result from invasion of the body by external 
contagion. Varo and Columella in the first century 
tic postulated that diseases were caused by invisible 
beings {Animalist minuta), inhaled nr ingested, 
Fraeasiorius of Verona (15461 proposed a 
corttagium vivum as a possible cause of infectious 
disease and von Plencia (1762) suggested that each 
disease was. caused by a separate agent. Kirchcr 
{1659) imported finding minute worms in the blood 
of plague victims, hut with the equipment available 
to him it is more likely that what he observed were 
only blood cells. 

As microbes are invisible to the unaided eye, 
definitive knowledge ahout them had to await the 
development of microscopes. The credit for hiring 
first observed and reported bacteria belongs ro 
Antony van Leeuwenhoek., a draper in Delft, 
Holland, whose hobby was grinding lenses and 
observing diverge materials through them- In 1683 
he made accurate descriptions of various types of 
bacteria and. communicated them ro the Royal 
Society' of London. The significance of these 


observations was not realised then and to 
Leeuwenhoek the world of 'little jtomu&vJc?" as 
he called them, represented only a curiosity of 
nature. It was only some two centuries later that 

r 

their importance in medicine and biology as a whole 
came to be recognised. 

The earliest discovery of a pathogenic 
microorganism was probably made by Augustino 
Bassi (1835), who s-how'ed that the muscardine 
disease of silkworms was caused by a fungus, 
Davaine and Pbllender (1850) observed anthrax 
bacilli in the blood of animals dying of the disease. 
In fact, even before the microbial etiology of 
infections had been established, Oliver Wendell 
Holmes in the USA (184.1) and Ignaz Semmelweis 
io Vienna (1846) bad independently concluded that 
puerperal sepsis was contagious. Semnielweis also 
identified its mode of transmission by doctors and 
medical students attending on women in labour in 
the hospital and bad prevented it by rhe simple 
measure of washing hands in an antiseptic solution, 
for which service to medicine and humanity, he 
was persecuted by medical orthodoxy and driven 
insane. 

The development of microbiology as a scientific 
discipline dates from Louis Pasteur (1822-^5). 
Though trained as a chemist, his studies on 
fermentation led him to take an interest in 
mierttogsmisms. He established that fermentation 
was the result of raioobi ;tl activity and that different 
types of fermentations were associated with different 
types of micnoogamsms (1857). The bask principles 
and techniques of microbiology were evolved by 
Pasteur during his enquiry' into the origin of 
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microbes. This was then the subject of much 
mntrovcrsj'. Needham, an Irish priest, had m 1745 
published experiments purporting the spontaneous 
generation (at iogenesls) of microorganisms In 
pur res rib le fluids. This view was opposed by 
Spallanzanis an Italian abbot (1769). In a series of 
classic experiments, Pasteur proved conclusively that 
all forms of life, even microbes,, arose only from 
their like and nut cltf no VO. In the course of these 
studies, he introduced techniques of sterilisation 
and developed the steam steriliser, hot -air oven and 
autoclave. He also established the differing growth 
needs of different bacteria, I Us work attracted such 
attention and he attained such eminence in the 
world of science that not only France hut all Europe 
looked to him to solve major problems in various 
fields. Thus starred his studies on pebrine, anthrax, 
chicken cholera anil hydrophobia. An accidental 
observation that chicken cholera bacillus cultures 
left on the bench for several weeks lost their 
pathogenic property but retained [heir ability to 
protect the birds against subsequent infection by 
them, led to the discovery of the process of 
attenuation and the development of live vaccines. 
He attenuated cultures of the anthrax bacillus by 
incubation at high temperature (42-43 °C) and 
proved that inoculation nf such cultures in animals 
induced specific protection against anthrax. The 
success of such immunisation was dramatically 
demonstrated by a public experiment on a farm at 
Pbu.ilty-le-Fort (1881) during which vaccinated 
sheep, goats and cows were challenged with a 
virulent anthrax bacillus culture. All the vaccinated 

animals survived the challenge, while an equal 
number of unvacci mated control animals succumbed 
to it. it was Pasteur who coined the term vaccine 
for such prophylactic preparations to commemorate 
the first of such preparations, namely cowpox, 
employed by Jenner for protection against smallpox. 
The greatest impact in medicine was made by 
Pasteur's development of a vaccine for hydrophobia. 
This was acclaimed throughout the world. 1 he 
PastCUT Institute, Paris was built by public 


contributions and similar institutions were 
established soon in many other countries for the 
preparation of vaccines and for tile investigation of 
infectious diseases. 

An immediate application of Pasteur 1 * work was 
the introduction of antiseptic techniques in surgery 
by Lister (1867) effecting a pronounced drop in 
mortality and morbidity due tu surgical sepsis. 
Lister's antiseptic surgery involving the use of 
carbolic acid was cumbersome and hazardous but 
was a milestone in the evolution of surgical practice 
from the era of laudable pus’ to modern aseptic 
techniques. 

While Pasteur in France bid the foundations 
of microbiology, Robert Koch {1 §43-1910) in 
Germany perfected bacteriological techniques 
during hi? studies on the culture and life cycle of 
the anthrax bacillus (1876). He introduced staining 
techniques and methods ol obtaining bacteria in 
pure culture using solid media. He discovered the 
bacillus of tuberculosis (1882) and the cholera 
vibrio (1883), 

Pasteur and Koch attracted many gifted disciples 
who discovered the causative agents of several 
bacterial infections and enlarged the scope and 
content of microbiology by their labours- In 1874 
Hansen described the leprosy bacillus; in 1879 
Neisser described the gonococcus; in 188! Og^ton 
discovered the staphylococcus; in 1884 Loc filer 
isolated the diphtheria bacillus; in 1884 Nicolai cr 
observed the tetanus bacillus in soil; in 1886 
Fracnkd described (he pneumococcus; In 1887 
Bruce identified the causative agent of Malta fever, 
in 1905 Schaudinn and Hoffmann, discovered the 
spirochete of syphilis. 

Roux and Yersin (1888) identified a new 
mechanism of pathogenesis when they discovered 
the diphtheria toxin. Similar toxins were identified 
in tetanus and some other bacteria., The toxins were 
found to be specifically neutralised bv (heir 
antitoxins, Ehrlich who studied toxins and antitoxins 
in quantitative terms laid the foundations of 
biological standardisation. 
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The causative agents of various infectious 
diseases were being re ported by different 
investigator* in such profusion that if was necessity 
to introduce criteria For proving the claims that a 
microorganism isolated if urn a disease was indeed 
causally related to it. 'Hicse cjriteria, first indicated 
by Herlc, were enunciated by Koch and are known 
as Koch's postulates, According to these, a 
microorganism can be accepted as the causative 
agent of an infectious disease only if die following 
conditions are satisfied: 

L The bacterium should be constantly associated 
with the lesions of the disease-, 

2. It should be possible to isolate the bacterium in 
pure culture from the lesions. 

3* Inoculation of such pure Culture into suitable 
laburatoiy animals should reproduce the lesions 
of the disease. 

4, It should be possible to reisolate the bacterium 
in pure culture from the lesions produced in 
the experimental animals. 

An additional criterion introduced subsequently 
requires that specific antibodies to the bacterium 
should be demonstrable in the scrum of patients 
suffering from the disease. Though it may not 
always be possible to satisfy all the postulates jn 
every case, they have proved extremely useful in 
sifting doubtful claims made regarding the causative 
agents of infectious diseases. 

By the beginning of the twentieth century, many 
infectious diseases had been proved to be caused 
by bacteria. But there remained a large number of 
diseases fucb as smallpox, chickenpOx, measles, 
influenza and the common cold, for which no 
bacterial cause could he established. During his 
investigation of rabies in dogs, Pasteur had suspected 
that the disease could be caused by a microbe too 
small to be seen even under the microscope. The 
existence of such ultramicroscopic microbes was 

proved when Ivanovsky (]fi92) reproduced rtlOSlic 

disease in the tobacco plant, by applying to healthy 
leaves juice from the diseased plants from which 
all bacteria had been removed by passage through 


fine filters. Beijerinck <1898) confirmed these 
findings and coined the term virus for stack filterable 
infectious agents, Ldefiler and Frosch (IS98) 
observed that the foot and mouth disease of cattle 
was caused by a similar filter-passing virus. The 
first human disease proved to have a viral etiology 
was yellow fever. The US Army Commission under 
Waiter Retd, investigating yellow fever in Cuba 
(1902) established not only that it was. caused by a 
filterable virus but also that ir was transmitted 
through the bite of infected mosquitoes, l^ndstciner 
and Popper (1909) showed chat poliomyelitis was 
caused by a filterable virus and transmitted the 
disease experimentally to monkeys. Investigation of 
Viruses and the diseases caused bv them was 
rendered difficult as viruses could not be visualised 
under the light microscope or grown in culture 
media. Though the larger viruses could be seen 
after appropriate staining under the light 
micro scope, detailed ’Study of their morphology" had 
to wait till the introduction of the electron 
microscope by Ruska (1924) and subsequent 
refinements in electron microscopic techniques. 
Cultivation of viruses was possible only in animals 
or in human volunteers rill the technique of 
growing them on chick embryos was developed by 
Goodpasture in the 1930®. The application of tissue 
culture in virology expanded the scope of virological 
techniques considerably. 

The possibility that virus infection could lead 
to malignancy ww first put forth hy ^Herman and 
Bang (1908). Peyton Rous (1911) isolated a virus 
causing sarcoma in fowls. Several viruses have since 
been isolated which cause natural and experimental 
turnouts in animals and birds. Viruses also cause 
malignant transformation o:t infected cells in tissue 
cui tsj re. The di scovery of viral and cellular 
oncogenes has shed light on the possible 
mechanisms of viral oncogenesis. After many 
decades of futile search, positive proof of a virus 
causing human malignancy was established when 
the virus of human Y-ceLI leukemia was isolated in 

1980. 
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Two ft (1915) and d'Herellc (1917) 
indcpendcntlv discovered a IvtiL phenomenon in 
bacterial cultures. The agents responsible were 
termed bacteriophages - viruses that attack bacteria. 
Early hopes that bacteriophages may have 
therapeutic applications- had to be abandoned hut 
these viruses have paid Unexpected scientific 
dividends. The essential part of viruses is their core 
of nucleic acid which acts as the carrier of generic 
information in the same manner as in- higher 
organisms. The discipline of molecular biology owes 
its origin largely to studies or the genetics ol 
bacteriophages and bacteria. 

It had been noticed Iron) very early days that 
persons surviving an attack of smallpox did not 
develop the disease when exposed to the infection 
subsequently. This observation had been applied 
for the prevention of the disease by producing a 
mild form of smallpox intentionally (variolation). 
This practice h prevalent m India, China and other 
ancient civilisations from time immemorial, was 
introduced in England by Lady Mary Worthy 
Montague (1718) who had observed the custom 
in Turkey. Variolation was effective but hazardous, 
jersner, observing the Immunity to smallpox in 
milkmaids who were exposed to occupational 
cowpox infection,, introduced the technique of 
vaccination using cowpox material (1796).This was 
the first instance of scientific immunisation and, 
though introduced empirically, has stood the test 
□f time. Jenner’s vaccination paved the way tor the 
ultimate eradication til smallpox. 

The next major discovery in immunity was 
Pasteur's development of vaccines tor chicken 
cholera, anthrax and rabies. While the techniques 
introduced by him were successful, the mechanism 
of protection afforded by them remained obscure. 
The explanation of the underlying mechanism came 
from two sources. Nuttall (1880) observed that 
defibrinated blood had a bactericidal effect, and 
Buchner (1889) noticed that tins effect was 
abolished by heating the sera for one hour at 55 T. 
The heat labile bactericidal factor was termed 


'alexin?'. A specific humoral factor or 'antibody* 
was described by von Behring and Kitasato (1890) 
in the scrum of animals which had received 
sublethal doses of tetanus toxin. Pfeiffer (1893) 
demonstrated bactericidal effect lH vivo by injecting 
live chokra vibrios inrr&pcritnnciUy in guinea pigs 
previously injected with killed vibrios. The vibrios 
wen; shown to undergo lysis. The humoral nature 
of such lytic activity was proved by Bordet (1895), 
who defined the two components participating in 
the reaction, the first being heat stable and found 
in immune Sera (antibody or substance 
•icnstbilica fmx) and the second being heat labile 
and identical with Buchner's alodne, subsequently 
named 'complement'. Soon a number of other ways 
were demonstrated in which antibodies react with 
antigens, such as agglutination, precipitation, 
complement fixation and neutralisation. 
Mctchnikoff (1883) discovered the phenomenon 
of phagocytosis and proposed the phagocytic 
response as the prime defence against the microbial 
invasion of tissues. This led to the cellular concept 
of immunity. Polemics regarding the significance 
of the cellular and humoral mechanisms of 
immunity were largely put to test with the discovery 
by Wright (19011 of opsnmiration, in which 
antibodies and phagocytic cells act in conjunction. 

Prior experience with a microorganism or other 
antigen did not always result in the beneficial effect 
of immunity or protection. At times it caused the 
opposite effect. Koch (1890) had noticed that when 
the tubercle bacillus or ifs protein was injected into 
a guinea pig already infected with the bacillus, an 
exaggerated response tools place - a hypersensitivity 
reaction kno-wn as Koch’s phenomenon, farrier 
and Richer. (1902), studying the effect of the tone 
extracts of sea anemones in dogs made rite 
paradoxical observation that dogs which had prior 
contact with the toxin were abnormally sensitive 
to even minute quantities of it subsequently. This 
phenomenon was termed anaphylaxis. Liter, manv 
similar reactions were observed, both 
experimentally and in nature, of injury, disease or 
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even death resulting from repeated contacts with 
antigens. The importance of this phenomenon,, in 
the pathogenesis of many human diseases, led to 
the development of the discipline of allergy. 

The characteristic feature of immunity, whether 
it is protective or destructive (as in allergy), is its 
specificity. As the mediators of humoral immunity 

(antibodies) art; globulins, thq explanation for the 
exquisite specificity ol the immunological reaction 
had to await the advances in protein chemistry. The 
piiMteeiri ng workofl-andstciner laid the foundations 
oi Lmmunoehemistry Chemists dominated the study 
of immunity for several decades,, and theories of 
antibody synthesis were postulated by them h which 
sometimes ran counter to biological laws. In 1955, 
Jerne proposed the natural selection theory of 
antibody synthesis which attempted to explain the 
chemical specificity ami biological basis of antibody 
synthesis, signifying a return to the original views 
of antibody formation proposed hy Ehrlich (1898). 
Burnct (1957) modified this into the clonal 
selection theory, a concept which, with minor 
alterations, holds sway even now. The last few 
decades have witnessed an explosion of conceptual 
and technical advances in immunology. 
Immunological processes- in health and disease ate 
now better understood following the identification 
of the two components of immunity - the humoral 
or antibody mediated processes and the cellular or 
cell mediated processes — which develop and are 
manifest in separate pathways. 

J'i,If recently, a tdenlnifiiral view of immunity 
prevailed. It was considered a protective mechanism 
designed to defend the body against invasion by 
microorganisms. Based on the original suggestion 
ul: Thomas (1959), Burnet (1967) developed the 
concept of imnwiKtingicpI su rveilUncc, according 
to which the primary function of the immune 
system is to preserve the integrity of the body, 
seeking and destroying all ‘'foreign 1 antigens, 
whether autogenous or external in origin. 
Malignancy was visualised as a failure of this 
function, and the scope of immunity was enlarged 


to include natural defence against cancer Another 
aspect of this role of immunity is in the rejection of 
homografts. Understanding of rhe immunological 
basis of transplantation, largely due to the work of 
Medawar and Burnet, made successful transplants, 
possible by elective immunosuppression and proper 
selection of donors based on histocompatibility. The 
history of transplantation thus runs parallel to the 
history of blood transfusion, which was 
unsuccessful and even fatal before the discovery of 
blood groups by Landsteiner (1900). 

In Ae early twentienth century, attempts were 
made to exploit the immunological information 
available by the development of vaccines and sera 
for the prophylaxis and treatment of infectious 
diseases. Till Domagk (1935) initiated scientific 
chemotherapy with the discovery of promos.il, 
antisera were the only specific therapeutic agents 
available for the management of infectious diseases. 

Fleming (1929) made the accidental discovery that 
the fungus fetidllium produces a substance which 
destroys staphylocxicci. Work nn this at Oxford by 
Florey, Chain and their team during die Second World 
War led to the isolation of the active substance 
penicillin and its subsequent mass production. This 
was the beginning nf the antibiotic era. Other similar 
antibiotics were discovered in rapid succession. With 
the sudden availability of a wide range of antibiotics 
with potent antibacterial activity, it was hoped that 
bacterial Infections would be controlled within a short 
period. But soon else development of drug resistance 
in bacteria presented serious, difficulties. 

With the development of a wide variety of 
antibiotics active against the whole spectrum of 
pathogenic bacteria, and of effective vaccines against 
most viral diseases, expectations were raised about 
the eventual elimination of all infectious, diseases. 
The global eradication of smallpox inspired visions 
of similar campaigns against other major pestilences. 
However, when new infectious diseases began to 
appear, caused by hitherto unknown micro¬ 
organisms, or by known microbes producing novel 
manifestations, it was realised that controlling 
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microbes was a far more difficult task, than was 
imagined. The climax came in 1981 when AIDS 
was identified in the USA and began its pandemic 
spread- Unceasing vigil appears essential to protect 
humans from microbes. 

Apart from the obvious benefits such as specific 
methods of diagnosis, prevention and control of 
infectious diseases, medical microbiology has 
contributed to scientific knowledge and human 
welfare in many other ways. Microorganisms 
constitute the smallest forms of living beings and, 
therefore, have been employed as models of studies 
on genetics and biochemistry. As natures laws are 
universal In application, information derived from 
the investigation of microbes holds true, in the main, 
for humans as well. 

Studies on microorganisms have contributed, 
more than anything else, to unravelling the generic 
code and other mysteries of biology at the molecular 
level. Bacteria and their plasmids, yeasts and viruses 
are routinely employed vectors i.n recombinant 
DNA technology. They have made available 
precious information and powerful techniques for 
generic manipulation and molecular engineering, 
They need to be used wisely and well for the benefit 
of all living beings. 

The number of Nobel laureates in Medicine 
and Physiology awarded the prize for their work 
id microbiology, listed below, is evidence of the 
positive contribution made to human health by the 
science of microbiology. 


1901 Erttil A Von Behring 

1902 Ronald Ross 
1905 Robert Koch 

1907 CIA Uttan 

1908 Paul Ehrlich and Elie Metchnikoff 
1913 Chirks Richct 

191.9 Jules Bordet 
1926 Johannes Fibiger 
1928 Charles NicoQc 
1930 Karl Lindsteiner 
1939 Gerhardt Domagk 
1945 Alexander Fleming, Howard Florey and EB 
Chain 

1951 MaxTheiler 

1952 Selman A Waksman 

1954 JF Endets, FC Robbins and TH Weller 
1958 GW Rra.dk,Joshua Lederberg and EL Tamm 
I960 Madarlane Burnet and Peter B nan Medawar 

1955 Francois Jacob, Andre Lwoff rand Jacques 
Mo nod 

1966 Peyton Rous 

1969 Max Ddbruck, AD Hershey and Salvador 
Luria 

1972 Gerald Edelman and Rodney Potter 

1975 David Baltimore, Rmato Dulbecco and 
Howard M Temm 

1976 S Baruch, Blum berg and C&rkton 
Gajdusek 

1978 W Arber f D Nathans and HO Smith 
1980 Baiuj Eenacerraf, Jean Dausset and George 
Snell 

1984 Niels Jerne, Cesar Milstein and Georges 
Kohler 

1987 Susumu Tonegawa 

1989 J. Michael Bishop and E Varmus 

1996 Paul Doherty and Rolf Zjflkemagel 

1997 Stanley Phtssner 


Furrher Reading 

Ben»C«rrafB et al I960. A History of Baaerkdogy and Immunology-. London: William Hcincmann. 

Clark PF1961. Pioneer Mivmbwhgim ofAmetiat. Madison: Lfonwruiy of Wisconsin Pita. 

Collard P 1976. The £k vdbpjnenr of Mictobkik>Ky. Cambridgsr University Press. 
dcKrjifP 1958. Microbe Hunters. London: Hutchiatm. 

Pwitr WD 1970. A History of Medical Bacteriology and Immunology. London: Cox and Wyman. 

Le chevalier HA and M Solotowwsky 1974. Three Centuries of Microbiology'. Dover Publications. 

Mirquardt M 1951. fW Ehrln h New York: Schuman, 

Parish HJ 1968. Victory wiih Viceines - The $mry of Immunisation. London: Livingstone. 

Vallery Radat R 1948. The Life oFPaiteut. ttan&. by RL Devonshire. London: Conscabk. 

Wu*rsnn AP and L Wilkinson 1978. An Introduction to the History of Virology. London; Cambridge University Press. 
Williams G I960. Phsm- Huorenr. Lwidon: Hutchison. 
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Morphology and Physiology 
of Bacteria 



Size of Bacteria 

'fhe unit of measurement used in bacteriology is 
the micron (micrometre, pm) 

1 micron (p) or micrometre (jam) =■ one 
thousandth of a millimetre. 

1 millimicron {mg} or nanometre [pm) = one 
thousandth of a micron or one millionth of a 
millimetre, 

1 Angstrom unit (A) ■ one tenth of a nanometre. 

The limit of resolution with the unaided eye is 
about 200 microns, Bacteria, being much smaller 
can he visualised only under magnification. Bacteria 
of medical importance generally measure 0.2-1,5 
pm in diameter and about 3-5 pm in length. 


Table 2.1 Some diilerences between prokaryotic and eukaryotic cells 


Character 

ftaJcnyo tef 

Eukaryotes 

Nucleus 

Nuclear membrane 

Absent 

Present 

Nucleolus 

Absent 

Present 

Denjryfibonudeoproteifi 

Absent 

Present 

Chromosome 

One (circular) 

More than one [linear) 

Mitotic division 

Absenr 

Present 

Cytoplasm 

Cytoplasmic screaming 

Absenr 

Present 

Pinocytosis 

Absent 

Present 

Mitochondria 

Absenr 

Present 

Lysosomcs 

Absenr 

Present 

Golgi apparatus 

Absent 

Present 

Endoplasmic reticulum 

Absent 

Present 

Chemical composition 

Sterols 

Absent 

Present 

Afmunk acid 

Present 

Absent 


Microorganisms are a heterogeneous group of 
several distinct classes of living beings. They were 
originally classified under the plant and animal 
kingdoms. As this, proved unsatisfactory; they were 
classified under a third kingdom., the protista. Based 
on differences in cellular organisation and 
biochemistry, the kingdom protista has been divided 
into two groups prokaryotes and eukaryotes. 
Bacteria and blue green algae are prokaryotes, 
while fungi, other algae, slime moulds anil 
protozoa arc eukaryotes. 

Bacteria are prokaryotic microorganisms that 
do not contain chlorophyll. They are unicellular 
and do not show true branching, except in the so- 
called "higher bacteria 1 (Actinomycerales).. 
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M i c: it-i tsc >i j ^ 

The morphological study of bacteria requires the 
u»c of microscopes, Microscopy lus come a long 
way since Leeuwenhoek first observed bacteria over 
three hundred years ago using hand-grou nd lenses. 
The following rypes. of microscopes are empkpl 
now, 

Optieill sir lijjht microscope; Bacteria may 
he examined under the compound microscope, 
either in the living state or after fixation and staining. 
Examination of wot films ot ‘hanging drops' 1 
indicates the shape, arrangement, motility and 
approximate size cd the cells, But due to lack of 
contrast, derails cannot be appreciated. 
l J h£ise contrast microscopy: improves the 
contrast and makes evident the structures within 
cells that differ in thickness or refractive index. Also, 
the differences in refractive index between bacterial 
cells and the surrounding medium make them 
clearly visible. Retardation, hy a fraction of a 
wavelength, of the rays of light that pas* through 
die object, compared to the rays passing through 
the surrounding medium, produces 'phase' 
differences between the two types of rays. In the 
phase contrast microscope, ‘phase" differences are 
converted : nto differences in intensity of light, 
producing light and dark contrast in the Linage. 

Dark fit Id f Dark ground microscope: 
Another method of" improving the contrast is the 
dark field (dark ground) microscope in which 
reflected Sight is used instead of the transmitted 
light used in the ordinary microscope. The essential 
part of the dark field microscope is the dark field 
condenser with a central circular stop, which 
illuminates the object with a cone of light, without 
letting any ray of light t# fall directly on the 
objective lens, Light rays falling on the object are 
reflected or scattered on to the objective lent.. with 
the result that the object appears self-lu miriOUl 
against a dark background. The contrast gives an 
Illusion of increased resolution, so that very slender 
organisms, such as spirochetes, nor visible under 


ordinary illumination, can be clearly seen under the 
dark field microscope. 

The resolving power of the Light microscope is 
limited by the wavelength of light- In order to be 
seen and delineated (resolved), an object has to have 
a size of approximately half the wavelength of the 
light used. With visible light, using the best optical 
systems, the limit ol resolution is about .100 nm. if 
light of shorter wavelength i$ employed, M In the 
ultraviolet microscope, the resolving power can be 
proportionately extended. 

] wO Specialised types of microscopes are 1 ) the 
interference microscope which not only reveals cell 
organelles bur also enables quantitative 
measurements of the chemical constituents of cells 
such as lipids, proteins and nucleic acids, and 2) 
the polarisation microscope which enables the Study 
of intracellular structures using differences in 
birefringence. 

Pi led i on microscope: In the electron 
microscope, a beam ot eieetruiis is employed instead 
of the beam of light used in the optical microscope. 
The electron beam is focused hy circular 
electromagnets, which are analogous to the lenses 
hi the light microscope. The object which is held 
in the path of the beam scatters, the electrons and 
produces an image which is focused on a fluorescent 
viewing screen. As the wavelength of electrons used 
is approximately 0,005 nm, as compared to 5Q0 nm 
with visible light, the resolving power of the 
electron microscopes should be theoretically 
HKqOCK) rimes that of light microscopes but in 
practice* the resolving power Us about 0,1 nm. 

I he technique ol shadow-casting with vaporised 
heavy metals has made possible pictures, with good 
contrast and three-dimensional effect. Another 
valuable technique in studying fine structure is 
negative staining with phosphotuiigstic acid. 

Gas molecules scatter electron5, and it U 
therefore necessary to examine the object in a 
vacuum. Hence, only dead and dried objects can be 
examined in the electron microscope. This may lead 
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to considerable distortion in cell morphology. A 
method introduced! to overcome this disadvantage 
is freeze-etching, involving the deep-freezing of 
specimens in a Liquid gas and the subsequent 
formation of carbon-platinum replicas of the 
material. Since such frozen cells- may remain viable, 
it is claimed that freeze -etching enables the study 
of cellular ultrastructure ay it appears in the living 
state. The recent development of very high voltage 
electron microscopes may render possible the 
eventual examination of live objects. The scanning 
electron microscope is a useful innovation which 
permits the study of cell surfaces with greater 
contrast and higher resolution than with the 
shadow-casting technique. 

Stained Prhpahations 

Live bacteria do not show much structural detail 
under the light microscope due to lack oi contrast. 
Hence it is customary rouse staining techniques to 
produce colour contrast. Bacteria may be stained 
in the living state, but this type of staining is 
employed only for special purposes. Routine 
methods for staining of bacteria involve drying and 
fixing smears, procedures that kill them. Bacteria 
have an affinity for basic dyes due to the acidic 
nature of [heir protoplasm. The following are 
staining techniques commonly used in 
bacteriology. 

Simple stairfeK Dyes such as methylene blue or 
basic hichsin are used for simple staining. They 
provide colour contrast, but impart the same colour 
to all bacteria, 

Nugutiv o slalnin^: Here, bacteria are mixed 
with dyes such as Indian ink or nigrosin that provide 
a uniformly coloured background against which the 
unstained bacteria stand out in contrast. This is 
particularly useful in the demonstration of bacterial 
capsules which do not take simple stairs, Very 
slender bacteria such as spirochetes that are not 
demonstrable by simple staining methods can be 
viewed by negative staining, 
impregnation methods: Cells and structures 


too thin to be seen under the ordinary microscope 
may be rendered visible if they are thickened by 
impregnation of silver on the surface. Such methods 
are used for the demonstration of spirochetes and 
bacterial flagella. 

Differential stains: These stains impart 
different colours to different bacteria or bacterial 
struictures. The two most Widely used differential 
stains are rhe Gram stain and the acid fast stain.. 
The Gram slain was originally devised by the 
histologist Christian Gram (1SS4> as a method of 
staining bacteria In tissues. The staining technique 
consists of four steps: 

1. primary staining with a paramsaruline dye such 
as crystal violet, methyl viokt or gentian violet; 

2. application of a dilute solution of Iodine; 

3. decolourisariuii with an organic solvent such as 
ethanol, acetone or aniline; 

4. euLinterstainirg with a dye of contrasting Colour, 
such as carbol fochsin, safraninc or neutral red. 
The Gram stain differentiates bacteria into two 

broad groups Gram positive bacteria arc those that 
resist decolour! sation and re tain the primary stain, 
appearing violet. Grain negative bacteria are 
decolourised b>' organic solvents and, therefore. Cake 
the counterstain, appearing red. The exact 
mechanism of the Gram reaction is not understood. 
The Gram positive cells have a more acidic 
protoplasm, which may account for their retaining 
the basic primary dye more strongly than the Gram 
negative bacteria. Decolouriaaiiun is not an all-or- 
none phenomenon. Even Cram positive cells may 
be decolourised by prolonged treatment with the 
organic solvent. Conversely, inadequate 
decolourisation may cause all cells to appear Gram 
positive. The Gram reaction may be related to the 
permeability of the bacterial cell wall and 
cytoplasmic membrane to the dye-iodine Complex, 
the Gram negative, hut not the Gram positive cells, 
permitting the outflow of the complex during 
decolorisation- The Gram positive bacteria become 
Gram negative when the cell wall is damaged. 
Gram staining is an essential procedure used 
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in the identification of bacteria and frequently is 
the only method required for studying their 
morphology. Gram reactivity is of considerable 
importance as the Gram positive and negative 
bacteria differ nor merely in staining characteristics 
and in structure but also in several other properties 
such as growth requirements, susceptibility to 
antibiotics and pathogenkity. 

The acid last stain was discovered by Ehrlich;, 
who found that after staining with aniline dyes, 
tubercle bacilli resist decolour! sati on with acids. 
The method, as modified by Ziehl and Ncclscn, is 
in common use now. The smear is stained by a 
strong solution of carhol fuchsin with the 
application of beat. It is then decolourised with 
20 per cent sulphuric acid and enunterstaimed wi th 
a contrasting dye such as methylene blue. The acid 
fast bacteria retain the fiichsin (red) colour while 
the others take the crjunteratain. Acid fastness has 
heen ascribed to the high content and variety of 
lipids, fatty acids and higher alcohols found in 
tubercle bacilli, A lipid peculiar to acid fast bacilli, 
a high molecular weight hydroxy acid was 
containing carboxyl groups, (mycotic acid) is acid 
fast in the free state. Acid fastness is not a property 
of lipids alone but depends also on the integrity of 
the cdl wall. 

Shape of Bacteria 

Depending on their shape, bacteria am classified 
into several varieties (Fig, 2.1): 

1. Cocci (from jkojfcios meaning berry) are spherical 

or oval cells. 

2. Bacilli (from bacuiE^ meaning rod) arc rod 
shaped cells. 

3. Vibrios are comma shaped, curved rods and 
derive the name from their characteristic 
vibratory motility. 

4. Spirilla are rigid spiral forms. 

5. Spirochetes (from speira meaning coil and efutrte 

meaning hair) are flexunus spiral forms, 
b, Actirtomyceres are branching filamentous 
bacteria, so called because of a fancied 


resemblance to the radiating rays of the sun when 
seen in tissue lesions (from aerie meaning ray 
and znjda meaning fungus). 

7. Mycoplasma* are bacteria that are cell wall 
deficient and hence do nut possess a stable 
morphology; They occur as round or oval bodies 
and as interlacing ri la merits. When tell wall 
synthesis becomes defective, cither 
Spontaneously or as a result of drugs like 
penicillin, bacteria lose their distinctive shape. 
Such cells are called protoplasts, sphenopla&ts 
or L forms. 

Bacteria sometimes show characteristic cellular 
arrangement or grouping [Fig. 2.2!. Thus, cocci 
may be arranged in pairs (diploeocci), chains 
[streptococci), groups of four (tetrads) or eight 
fsareina), or as grape-like cluster* (staphylococci). 

Some bacilli too may be arranged in chains 
[streptohacilli). Others are arranged at angles to 
each other, presenting a cuneiform or Chinese letter 
pattern (eorynebaeieria). The type of cellular 
arrangement is determined by the plane through 
which binary fission takes place and hv the tendency 
of the daughter cells to remain attached even after 
division. 



Fig, 2.1 Shapes of bacteria : 1. coccus 2. bacillus 
3. vibrio 4. spirillum 5. spirnchsls 
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2.2 Arrangement ct cocci: 1. slraptoeoecl 
2, pneumococci 3. gonococci 4, meningococci 
5. Neisseria cratefriraJte & Geffty* tefr^rrs 
7. sarclnn 0 staphylococci 



sA, 

2 



Fig. £.4 Arrangements of curved bacteria : 1 vtbna 
2. spirilla 3 spirochetes 



Fig. a.3 Arrangemeni of bacilli 1 . bacilli irv clyster 
2. bacilli in chains |fi. en(frmt) 3 dfptofeedlH 
\ K, pneumoniae) 



Fig. £.5 Diagram ol an idealised bacterial cell ; 

I. Capsule 2, PHI 3,Quter membrane 4. Division 
septum 5, Ribosome 6. ONA 7 Granular indu- 
lions 8 Flagella 9. Fat globules 10. fiteso&ofro 

II. Cytoplasmic membrane 12. Peplidoglycan 
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Bactbhial Anatomy 

Fig. 2,5 shows the Ftructuie of an idealised bacterial 
cell. The outer layer or cell envelope Consists of 
two components - a rigid edl wall and beneath it a 
cytoplasmic or plasma membrane, The cell envelope 
encloses the protoplasm, comprising E he cytoplasm, 
cytoplasmic inclusions such as ribosomes- and 
mesosom.es, granules, vacuoles and the nuclear body. 
Besides these essential components, some bacteria 
may possess additional structures. The cell may he 
enclosed In a viscid layer, which may he a loose 
slime layer, or organised as a capsule. Some bacteria 
carry filamentous appendages protruding from the 
cell surface - rhe flagella which arc organs of 
locomotion and the fimbriae which appear to be 
organs for adhesion. 

The cell wall: The cell wall accounts for rhe 
shape of the bacterid cell and confers on it rigidity 
and ductility'. 'Hie cell wall cannot he seen by direct 
light microscopy and does not stain with simple 
Stains, It mav be demonstrated by plasmolysis. 
When placed in a hypertonic solution, the 
cytoplasm loses water by osmosis and shrinks, while 
the cell wall retains its original shape and size 
(bacterial ghost). The cell wall may also be 
demonstrated by microdissection, reaction with 
specific antibody, mechanical rupture of the cell, 
differential staining procedures or by electron 
microscopy- Bacterial cell walls are about ltb-25 
nm thick and account for about 20-30 per cent of 
the dry weight of the cells. Chemically the cell 
wall is composed of muenpeptide [pcptidoglycan 
or mu rein) scaffolding formed by N acetyl 


peptide chains (Fig- 2.6). The interstices of this 
scaffolding contain other chemicals, varying in foe 
different species. In general, the walls of the Gram 
positive bacteria have simpler chemical nature than 
those of Gram negative bacteria (Table 2.2). The 
cell wall carries bacterial antigens that are 
important in virulence and immunity'. 

The lipupolysaccharides (LPS) present on the 
cell walls of Gram negative bacteria account for 
their cndotojric activity and O antigen specificity. 
They were formerly known as the Roivin antigen. 
The LPS consists of three regions. Region I is the 
polysaccharide portion determining the O antigen 
specificity. Region 11 is the core polysaccharide. 
Keg ion 111 is the glycolipid portion (lipid A) and 
is responsible for rhe cndotoxic activities, that is, 
pyrogen icily, lethal effect,, tissue necrosis, 
anticomplcmcntary activity, R cell mitogcnicity, 
immunoadjuvanr property and antitumour activity. 

The outermost layer of Gram negative bacterial 
cell wall ■« called rhe outer membrane, which 
contains various proteins known as outer membrane 
proteins (CMP). Among these are porins which 
form transmembrane pores that serve as diffusion 
channels for small molecules. They also serve as 
specific receptors for some bacteriophages, 

Cell wall synthesis may be inhibited by many 
factors. Lysozyme, an enzyme normally present in 
many tissue fluids, lyses susceptible bacteria by 
splitting the cell wall muenpeptide linkages. When 
lysozyme acts on a Gram positive bacterium in a 
hypertonic solution, a protoplast is formed, 
consisting of the cytoplasmic membrane and its 


glucosamine and N acetyl murnnic acid molecules 
alternating In chains, which arc crosslinked by 


contents. With Gram negative bacteria, the result 
is a Splieroplast which differs from the protoplast 


Table 2.2 Comparison of cell walls ol Gram positive and Gram negalive bacteria 



Gram positive 

Gram ocgitrve 

Thickness 

Thicker 

Thinner 

Variety of aminoacids 

Few 

Several 

Aromatic and sulphur containing amino-acid. 

Absent 

Present 

Lipids 

Absent or scant 

Present 

Teichnic acid 

Present 

Absent 
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Fig. 2.6 Chemical slructure o( bade rial cell wall 

in that some cell wall material is retained. 
Protoplasts and spheroplasts are spherical, 
regardless of the original shape of the bacterium. 
Cell wall deficient forms of bacteria may probably 
hive a role in the persistence of certain chronic 
inlections such as pyelonephritis. 

Cytoplasmic- membrane:: The cytoplasmic 
(plasma) membrane is a thin (5-10 nm) layer lining 
the inner surface of the cell wall and separating it 
from the cytoplasm. It acts as a semipermrable 
membrane controlling the inflow and outflow of 
metabolites to and from the protoplasm. Passage 
through the membrane is not solely a function of 
the molecular size: of the particles hair depends, in 
many cases, on the presence in the membrane of 
specific enzymes (pena am^ Electron microscopy 
shows the presence of three Sayers constituting a 
'unit membrane' structure. Chemically, the 
membrane consists of lipoprotein with small 
amounts of carbohydrate. Sterols are absent, except 
in mycoplasma. 

Cytoplasm: The bacterid cytoplasm is a colloidal 
system of a Variety of organic and inorganic solutes 
In a viscous watery solution. It differs from 


eukaryotic cytoplasm in not exhibiting internal 
mobility (protoplasmic streaming) and in the 
absence of endoplasmic reticulum or mitochondria. 
The cytoplasm stains uniformly with basic dves in 
young cultures hut becomes increasingly granular 
wirh age. The cytoplasm contains rihosomes, 
mesosOtrtes., inclusions and vacuoles. 

Ribosomes are centres of protein synthesis. They 
are slightly smaller than the ribosomes of eukaryotic 
Cell'S (sedimentation constant 70 S) and arc seen 
integrated in linear strands of mRNA to form 
polysomes. 

Me so some a (chondroid*) are vesicular, 
convoluted or mulrilainmatcd structures formed as 
invaginations of the plasma membrane into the 
cytoplasm. They arc more prominent in Gram 
positive bacteria. They are the principal sites of 
respiratory enzymes in bacteria and are analogous 
ro the mitochondria of eukaryotes. McHGKVIKS arc 
often seen in relation to the nuclear body and the 
site of synthesis of cross wall septa, suggesting that 
they coordinate nuclear and cytoplasmic division 
during binary fission. 

Intracytaplasiiiie inclusions may be of 
various types, the chief of which are volutin, 
polysaccharide, lipid and Crystals. They arc 
characteristic for different species and depend on 
the age and condition of the culture. Volutin 
granules (irKtachnxnaric or Bibn-fint granules} 
arc highly refractive, strongly basophilic bodies 
con sis ring of polymetaphosphate. They appear 
reddish when stained with polychrome methylene 
blue or toluidine blue (nittuchromasia). Special 
staining techniques such as Albert’s or Neisser’s 
demonstrate the granules more dearly. Volutin 
granules are characteristically present in diphtheria 
bacilli. Their function is uncertain. Thev have heen 
considered to represent a reserve of energy and 
phosphate for Cell metabolism but they arc most 
frequent in cells grown under conditions of 
nutritional deficiency and tend to disappear when 
the deficient nutrients are supplied. Polysaccharide 
granules may be demonstrated by staining with 
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iodine, and lipid inclusions, with fat soluble dyes 
such as Sudan h1.uk. They appear to be storage 
products. Vacuoles are fluid-containing cavities 
separated from the cytoplasm bv a membrane. 'Their 
function and significance ate uncertain. 

Nucleus: Bacterial nuclei can he demonstrated 
by acid of ribonudease hydnulysis and subsequent 
staining for nuclear material-They maybe seen by 
electron microscopy. They appear as oval or 
elongated bodies,, generally one per cell. Some cells 

may possess two or more nuclear bodies due to 
asynchrony between nuclear and cytoplasmic 
division. 

Bacterial nuclei have no nuclear membrane nr 
nucleolus. The nuclear deoxyribonucleic acid 
(DNA) is not associated with basic protein. The 
genome consist^ of a single molecule of double - 
stranded DNA arranged in the form of a circle, 
which may open under certain conditions to form 
a long chain, about 1 mm in length. The bacterial 
chromosome is haploid and replicates by simple 
fission instead of by mitosis as in higher cells. The 
differences between the nuclei of bacteria and higher 
organisms form the mai n basis for classifying them 
as prokaryotes and eukaryotes. 

Bacteria may possess exttanuclear gen eric 
elements consisting of DNA. These cytoplasmic 
camera of genetic information ate termed plasmids 
or episomes (see Chapter ft). Besides being 
transmitted to daughter cells during binary fission, 
they may be transferred front one bacterium to 
another either through conjugation or the agency 
of bacteriophages. They are not essential for the 
life of the cell they inhabit but may confer on it 
certain properties like toft igeni city and drug 
resistance which may constitute a survival 
advantage. 

Slinu] layer and capsule: Many bacteria 
secrete a viscid material around the cell surface. 
When this is organised into a sharply defined 
structure* as in the pneumococcus, it is known as 
the capsule. When it is a loose undeitwcated 
secretion, as in Icuconostoc, it is called the slime 


layer- Capsules loo thin to be seen under the light 
microscopes are called mforocapusides. The slime 
is generally, but not invariably, polysaccharide (for 

example pneumococcus) or polypeptide (for 
example anthrax bacillus.) in nature. Some bacteria 
may have both a capsule and a sbme layer (for 
example:, Streptococcus sairvarms). Bacteria 
secreting large amounts of slime produce mucoid 
growth on agar, which b of a stringy consistency 
when touched with the loop. 

Slime has little affinity for basic dyes and is not 
visible in Grant stained smears. Special capsule 
staining techniques are available, usually employing 
copper salts as mordants. Capsules may be readily 
demonstrated by negative staining in wet films with 
India i:ik* when they are seen as dear halos around 
the bacteria, against ft black background (Fig. 2,7). 

Capsular material is antigenic and may be 
demonstrated by serological methods. When a 
suspension of a capsulafed bacterium is mixed with 
its specific anticapsular serum and examined under 
the microscope, the capsule becomes very 
prominent and appears Swollen' due to an increase 
in its retractility- This capsule swelling or Quelfaflg 
reaction, described by Ncufeld (1902) was widely 
employed for the typing of pneumococci in the pre- 
sulphonamide days when lobar pneumonia used to 
be treated with specific anticapsular sera. Capsules 
protect bacteria from deleterious agents such a»lytic 
enzymes found In nature. They also contribute to 
the virulence of pathogenic bacteria by Inhibiting 
phagocytosis. Loss of the capsule by mutation may 
render the bacterium a.virulent. Repeated 
subcultures in vitro lead to the loss of capsule and 
also of virulence, 

flagella: Motile bacteria, except spirochetes, 
possess one or more unbranched, long, sinuous 
filaments called flagella, which are the organs of 
locomotion. Each flagellum consists of three distinct 
parts., the filament, the hook and the basal body. 
The filament is external to the cell and connected 
to the hook at the cell miface. 

The hook-basal body portion is embedded in 
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the cell envelope. The hook and basil body Ire 
antigenic ally different. Mechanical detachment of 
the fdament does not impair the viability of the 
cell. The flagella are 3~20 pm long and are of 
uniform diameter [0.01-0.013 pm) and terminate 
in a square rip., The wavelength and thickness of 
the filament are characteristic of each species but 
some bacteria exhihit hiplicity, that is, they have 
flagella of two different wavelengths (Fig. 2.8). 
Flagella are. made up of a protein (flugellii]) similar 
to keratin or myn&in. Though flagella of different 
genera of bacteria have the same chemical 
composition, they are antigenic ally different. 
Flagellar antigens induce specific antibodies in high 
titres. Flagellar antibodies are not protective but 
are useful in serndiagnosis- 

The presence or absence of flagella and their 
number and arrangement are characteristic of 
different genera of bacteria (Fig. 2.9). Flagella may 
lie arranged all round the cell (peritrichous) as in 
typhoid bacilli, or situated at one or both ends of 
the cell (polar). Polar flagella may be single 
(monuErichous) as in cholera vibrios, in tufts 



Fig. 2.7 Pneumococci negatively stained with India 
ink to shew capsule 


(lophotrkhous) as in spirida or with flagella at 
both poles (amphitrichou-s). 

Flagella arc less than 0,02 pm in thickness and 
hence beyond the limit of resolution of the light 
microscope. They may, in some instances, be seen 
under dark ground illumination. They can be 
visualised by special staining techniques in which 
their thickness is increased by mordanting, or by 
electron microscopy (Fig, 2.10), Due to the 
difficulty of demonstrating flagella directly, their 
presence is usually inferred from the motility of 
bacteria. Motility can be observed by noting the 
spreading type of growth on a sen] iso lid agar 
medium. Under ibe microscope, active motility has 
to be differentiated from the passive movements of 
the cells, either due to air currents or due to 
Brownian movement. Bacterial motility' may range 
from the slow 'stately' motion of peritrichatc bacteria 
(for example, Bacillus) to the darting movement of 
polar flagellated vibrios. The cholera vibrio may 
move as fast as 200 pm per second. 

Fimbriae; Some Gram negative bacilli carry very 
fine, hair-like surface appendages called fimbriae 
or pill- They arc shorter and thinner than flagella 
(about 0,5 pm long and less than 10 nm thick) and 
project from the cell surface as straight filaments. 
At least eight morphological types of pili are 
known, classifiable as cither common or sex pili 
on the basis of their function. Pili comprise self- 
aggregacing monomers of pilin. They originate in 
the cell membrane. Fimbriae can be seen only under 
the electron microscope. They are unrelated to 
motility and arc found on motile sis well as 
nan motile cells. They are best developed in freshly 
isolated strains and in liquid Cultures. They tend Id 
disappear following subcultures on solid media. 

Fimbriac function as organs of adhesion, helping 
the cells to adhere firmly to particles of various 
kinds. This property may serve to anchor the 
bacteria in nutritionally favourable micro 
environments. Fimbriated bacteria form surface 
pellicles in liquid media. Many fimbriated cells (for 
example Escherichia, Klebsiella) agglutinate red 
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blood cells of guinea pigs, fowl, horses and pigs 
Strongly, human and sheep cells weakly, and ox 
cells scarcely at alt. 

Hemagglutination provides a simple method for 
detecting the presence of such fimbriae. The 
hemagglutination is specifically inhibited by D- 
mannose (mannose sensitive). 

Fimbriae are antigenic. As members of different 
genera may possess the same fimbria! antigen, it is 
necessary to ensure that the bacterial antigens 
employed for serological tests and preparation of 
antisera are devoid ni fimbriae. 

A special type of fimbria are the sex pili. These 
are longer and fewer in number than other fimbriae. 
They are found on 'male' bacteria and help in the 
attachment of those cells to 'female' bacteria, 



Fig. 2,8 Flagellum and its parts, t. Arrow shows the 
Junction pi (he hook and filament. 2, fling for 
attachment lo outer lipopclysaccharids 0 antigen- 
complex membrane of the cell wall, 3. Rod 
connecting lop and bottom tings. 4,Ring for its 
association with the pepildcglyean layer of the 
cell wal. 5. Ring located just above cytoplasmic 
membrane M ring for attachment lo the cytoplasmic 
membrane. 



Fig. 2.9 Types of llagellar arrangement: 1 + single 
flagellum 2. single flagellum at each pole 3. luft 
ct flagella at One pole 4, lulls, nl Flagella at both 
poles 5, peritrichous flagella 

forming hollow conjugation tubes through which, 
it is assumed, genetic material is transferred from 
the donor to the recipient cell. Pill are classified 
into different types (for example, E, 1) based on 
susceptibility to specific bacteriophages. 

Spu i.-: Some bacteria* particularly members of 
the gem :r.i Bacillus ,i nd C lo$ rri i.hum have the ability 
to form highh reslsta.nl resting stages. called spores. 
Each bacterium forms one spore, which on 
germination forms, a -ingle vegetative ceil 
Spomlariem in bacteria, therefore, is not a method 
of reproduction. As bacterial spores are formed 
inside the parent cell, they arc called endospores. 

While the exact stimulus for spomlation is not 
known, it occurs after a period of veget alive- growth 
and is presumed to be related to thy depletion of 
exogenous nutrients. Spoliation is initiated by the 
appearance of a clear area, usually near one end of 
the cell, which gradually becomes more- opaque to 
form the "forespore 1 , The folly developed spore has 
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at its core rhc nuclear body, surrounded by the spore 
will, a delicate membrane from which the cell wall 
of the future vegetative b jcteriuni will develop. Outside 
this is the thick spore cortex, which in turn is enclosed 
by a multilayered tough spore coat, Some spores have 
:in additional outer ctjveriog called extwporium, which 
may have distinctive ridges and grooves (Fig, 2.11), 
New antigens appear on speculation. 

Young spores are seen attached to the parent 
cell. The shape and position of [he spofe and its 
size relative to the parent cell ate species 
characteristics. Spores may he central 
(equatorial), terminal Of sub-terminal. They may be 
oval or spherical. Jhey may nr may not distend the 

bacillary body [Fig. 2.12}, 

Bacterial spores constitute some oJ the most 
resistant forms of life. They may remain viable for 
centuries.They arc extremely resistant to desiccation 
and relatively so to chemicals and heat. Though 
some spores may resist boiling for prolonged 
periods, spores of all medically important species 
ate destroyed by autoclaving at 120 °C for 15 
minutes- Methods of stefiIination and disinfection 



Fig. 1 .10 Electron rmcrograph of E. coiL 1. Flagella 
2, F. pill 3. ordinary pill or fimbriae 


should ensure that spares also are destroyed. 
Spornlfition helps bacteria survive for long prrinds 
under unfavourable environments. 

When transferred lo conditions conducive for 
growth, spores germinate. The spore loses its 
tefraciiliiy and swells. The spore wall is shed and 
the germ cell appears by nipturing the spare coat 
and elongates to form the vegetative bacterium. 

Spores may be seen in unstained preparation as 
retractile btidies. The forespore stums intensely, but 
□nee the sport envelope is laid down, the spore 
dots not stain readily, Spnpcs appear as unstained 
areas jn Gram stained preparations, hot being more 
acid fast than the vegetative cells, they can be stained 
by a modification of the Ziehl-Ncelsen technique . 
PIsomorphism and involution forms; 
Some species of bacteria exhibit great variation in 
the shape and size of individual cells This is known 
as pleo morph ism. Certain species (for example, 
plague bacillus, gonococcus) show -swollen and 
aberrant forms in ageing cultures, especially in the 
presence of high salt concentration. These are 
known as involution forms. Many of the eells ntay 



Fig. 2.11 OiagmommK rapresenratltifi of a bacterial 
spore, t. Germinal groove 2. Outer coflwcaMayer 
3 Cortex 4. Internal spore cost 5. SuhCMl material 

& Outer spore coctf 7. Cytoplasmic membrane 
S Cell well primorsium 
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be oflmuble. Pleomorphism and involution forms 
are often due to defective cell wall synthesis. 
Involution forms may also develop due to the activity 
ofaurolytic enzymes. 

L form si Kleinebeiger-Nobel, studying cultures 
of SttZpwbuciUus mnniliformixy observed swollen 
cells and other aberrant morphological forms and 
named them L forms, after Lister Institute:, London, 
where the observation was made, L forms arc seen 
in several species of bacteria, developing either 
spontjncGUsly or in the presence of penicillin or 
other agents that interfere with cell wall synthesis. 
[, forms may be unstable in that the morphological 
abnormality is maintained only in the presence of 
penicillin or other inducing agents, or stable, when 
the aherrant form becomes the permanent feature 
of the strain and is retained in serial subculture*. L 
forms resemble mycoplasma in several ways, 
including morphology, type of growth on agar and 
filter ability. It is possible that mycoplasmis 
represent stable I, forms of as yet unidentified parent 
bacteria. 

Growth am) Multiplication of 
Bactbjua 

Bacteria divide by binary fission. Wien a bacterial 
cell reaches a certain size, it divides to form two 
daughter cells. Nuclear division precedes cell 
division and, therefore, in a growing population, 
many cells carrying two nuclear bodies can be seen. 


The cell divides by a constrictive or pinching 
process, or by the ingrowth of a transverse septum 
across the cell. In some species, the daughter cells 
may remain partially attached after division. 

The interval or time between two cell divisions, 
or the time required for a bacterium to give rise to 
two daughter cells under optimum conditions, is 
known as the generation time or population 
doubling time. In coliform bacilli and many other 
medically important bacteria, the generation time 
is about 20 minutes. Some bacteria are hIow- 
growing; the generation time in tubercle bacilli is 
about 20 houns and in lepra Han Hi as long as about 
20 days. As bacteria reproduce so rapidly and by 
geometric progression, a single bacterial cell can 
theoretically give rise to Kf 21 progeny in 24 hours, 
with n mass of approximately 4,000 tonnes! In actual 
practice, when bacteria arc grown In a vessel of 
liquid medium (batch culture), multiplication is 
arrested after a few cell divisions due to depiction of 
nutrients or accumulation of toxic products. By the 
use of special devices for replenishing nutrient* and 
removing bacterial cells (chcmostat or turbidisrat), it 
is possible to maintain condnuous vulture of bacteria 
for industrial or research purposes. When pathogenic 
bacteria multiply in host tissues, the situation may he 
intermediate between a batch culture and & continuous 
culture; the source of nutrients may be inexhaustible 
bur the parasite has to contend with the defence 
mechanisms of the body. Bacteria growing on solid 



fig. 2.12 Types of bacterial spores. 1 central, bulging, 2. central, not bulging. 3. sublermlnal. bulging, 
4, subliminal, not bulging, 5, terminal, spherical, 6, terminal, oval 
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media form colonics, Each colony represents a done 
of uelis derived, from a single patent cell. In liquid 
media., growth is diffuse. 

Bacterial growth may be considered at two lads, 
increase in the size of the individual cell and increase 
in the number of cells., the former is ntdinar ily limited 
and when the critical siw is reached, the cell divides, 
except when cell division is inhibited by substances 
like penicillin or acriflavinc or by growth in magnesium 
deficient media, Growth in numbers can be studied 
by bacterial counts. Two types of bacterid counts can 
be made-—total count and viable count. 

The total count gives the tots! number of cells 
in the sample, irrespective of whether they are living 
or not. It ears be obtained bv 

1. direct counting under the microscope using 
counting chambers, 

2. counting in an electronic device as in the Coulter 
counter, 

3. direct counting using stained smears prepared 
by spreading a known volume of the culture 
(finer a measured area of a slide, 

4 . comparing relati ve numbers i 11 smears of the culture 
mixed with known numbers of other cells, 

5. by opacity measurements using an ubsnrptio 
meter or nephalometer, 

6. by separating the cells by centrifugation or 
filtration and measuring their wet or dry weight, 
and 

7. chemical assay of cell components such as 
nitrogen. 

The viable count measures the number of living 
cells, that is, dells capable of multiplication. Viable 
counts are obtained by dilution or plating methods. 
In the dilution method, rbe suspension is diluted 
to a point beyond which unit quantities do not yield 
growth when inoculated into Suitable liquid media 
(extinction). Several tubes are inoculated with 
varying dilutions and the viable count calculated 
statistically from the number of tubes showing 
growth. The method does not give accurate values 
but is used widely i n water bacteriology for estimation 
of die ‘presumptive coliforra count' in drinking water. 


In the pliffng method;, appropriate dilutions arc 
inoculated on solid media* either on the surface of 
plates or as pour plates. The number of colonies that 
develop after incubation gives an estimate of the viable 
count. The method commonly employed is that 
described by Miles and Misia (1938) in which serial 
dilutions are dropped on the surface of dried plates 
sod colony counts obtained. 

Ba<; i IrtiEAE. GltaW'f H CUEi\ I 

When a bacterium is seeded into a suitable liquid 
medium and incubated, its growth follows a definite 
course. If bacterial counts are made at intervals after 
inoculation and plotted in relation to rime, a growth 
curve is obtained [Fig. 2.13). The curve shows the 
following phases: 

Eng phase: Immediately following the seeding 
of a culture medium, there is on appreciable 
increase in numbers, though there may be an 
increase in the size of the cells. This initial period 
is the time required for adaptation to the new 
environment, during which the necessary enzymes 
and metabolic intermediates are built up in adequate 
quantities For multiplication to proceed. The 
duration of the kg phase varies with the species, 
size of inoculum, nature of culture medium and 
environmental factors such as temperature. 

I ■ n- ■ li .: 11 i. Ilrlno ■ or expo hunt nil p iiisl : 
Fallowing the lag phase, the cells start dividing 

and their numbers increase exponentially or by 
geometric progression with time- If the logarithm 
of the viable count is- plotted against time, a straight 
line will be obtained. 

Si ntumury phsiscr After a varying period of 
exponential growth, cell division stops due to 
depletion of nutrients and accumulation of toxic 
products. Hie number of progeny cells formed is 
just enough to rrpkce the number of cells that die. 
The viable count remains stationary as an 
equilibrium exists between the dying cells and the 
newly formed cells 

E*t LiiHu uJ dediito: This is the phase when the 
population decreases due to cell death, Besides 

H . ci- 
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Fig. 2.13 Bacterial growth curve. The viable couni 
shows tag. log. stationary and decline phases, in 
the total count, the phase of decline Is not evident. 

nutritional exhaustion and Coxic accumulation, ceU 
death may also be caused by sutoivtic enzymes. 

When the total count is plotted, it parallels the 
viable count up to the stationary phase but it 
continues, steadily without any phaw of decline. 
With autolytic bacteria, even the total count shows 
a phase of decline. 

The various stages of the growth curve are 
associated with morphological and physiological 
alterations of the cells. Bacteria have the maximum 
cell size towards the end of the lag phase. In the 
log phase, cells are smaller and stain uniformly. In 
the stationary phase, cells frequently are Gram 
variable and show irregular staining due bo the 
presence of intracellular storage granules. 
Sporularion occurs at this stage. Also, many bacteria 
produce secondary metabolic products such as 
exotoxins and antibiotics- Involution forms are 
common in the phase of decline, 

Bactrrial Nutrition 

The bacteria] cell has the same general chemical 
pattern as the cells of higher organisms- The 
principal constituent of bacterial cells is water. 


which represents about SO pet cent of the total 
weight. Proteins, polysaccharides, lipids, nucleic 
acids, mucopeptidcs and low molecular weight 
compounds make up the rest. Bacterial metabolism 
also is closely similar u> the metabolism of die higher 
organisms, exemplifying the 'unity of biochemistry'. 
’[ here arc, however, some differences which are 
exploited in selective toxicity and chemotherapy 

For growth and multiplication of bacteria, the 
minimum nutritional requirements are water, a 
source of carbon, a source of nitrogen and some 
inorganic salts. Water is the vehicle for the cntiy 
of all nutrients into the cells and for the elimination 
of all waste products. It participates in the metabolic 
reactions and also forms an integral part of the 
protoplasm. 

Racterin can he classified nutritionally, based on 
their energy requirements and on their ability to 
synthesise essential metabolites. Bacteria which 
derive their energy from sunlight are called 
phototrophs and those that obtain energy from 
chemical reactions are called chenutnopk Bacteria 
that can synthesise all their organic compounds- are 
called autotrophs. Those that arc unable to 
synthesise their own metabolites and depend on 
preformed organic compounds are called 
hctcrotrophSr Autotrophs arc able to utilise 
atmospheric carbon dioxide and nitrogen. They are 
capable of independent existence in water and soil 
and are of no medical importance, though they are 
of vital concern lii agriculture and the maintenance 
of soil fertility, Heteratrophic bacteria are unable 
to grow with carbon dioxide the sole source of 
carbon. The nutritional requirements of 
heterotrophs vary widely Some may require only a 
single organic substance such as glucose, while 
others may need a large number of different 
compounds such as aminoacids, nucleotides, lipids, 
carbohydrates and coenxymes. 

Bacteria require a supply of inorganic salts, 
particularly the anions phosphate and sulphate,, and 
the cations sodium,, potassium, magnesium, iron, 
manganese and calcium. These are normally present 
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in the natural environments where bacteria live but 
will have to be supplied in culture media. Some 
ions such as cobalt may be needed in trace amounts- 
Some bacteria re quire certain organic 
compounds in minute quantities.These are known 
as growth factors or bacterial vitamins. Growth 
(actors are called WMntraf when growth docs nor 
occur in their absence, or accessory when they 
enhance growth, without being absolutely necessary 
for it. In many cases, bacterial vitamins are identical 
with the vitamins necessary for mammalian 
nutrition, particularly those belonging to the B 
group., thiamine, r i boll a vine, nicotinic acid, 
pyridoirine, folic sudd and vitamin B12, 

If a microorganism requiring an essential growth 
factor is inoculated into a medium containing an 
excess of all other nutrients, it? growth will be 
proportional to the amount of the limiting substance 
added., Within a certain range, the concentration 
of the growth factor will bear’ a linear relationship 
to the amount of growth of the organism. This it 
the principle of microbiological assays, which 

provide a very sensitive and specific method for 
estimation of many aminoaeids and vitamins, as in 
the determination of vitamin Bl2 using 
LacfobaciWwr Icitfimt/ifHi- 

OX YQ B N 1< I-. OUI h ISM EN T A IN I » 

Mktahoi ism 

Depending on the influence of oxygen on growth 
and viability, bacteria are divided into aerobes and 
anaerobes. Aerobic bacteria require oxygen lor 
growth. They may be obligate aerobes like the 

rhulcn vihiici, which will grtm cully in ilic prestirnCE 

of oxygen, or facultative anaerobes which are 
ordinarily aerobic but can also grow in the absence 
of oxygen, though less abundantly. Most bacteria 
of medical importance are facultative anaerobes. 
Anaerobic bacteria, such as elosmdia, grow in the 
absence of oxygen and the obligate anaerobes may 
even die on exposure to oxygen- Microaerophilic 
bacteria are those that grow best in. the presence of 
a low oxygen tension. 
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The reason for the apparent toxicity of oxygen 
for anaerobic bacteria is not well understood. It 
has been suggested that in the presence of oxygen, 
hydrogen peroxide and other toxic peroxides 
accumulate. The enzyme catalase which splits 
hydrogen peroxide ifi present in most aerobic 
bacteria but is absent in the anaerobes. Another 
reason might be chat obligate anaerobes possess 
essential enzymes that are active only in the reduced 

state. 

The influence of free oxygen is related to the 
metabolic character of the bacterium. Aerobic 
bacteria obtain their energy and intermediates only 
through oxidation involving oxygen as the ultimate 
hydrogen acceptor, whrle the anaerobes use 
hydrogen acceptors other than oxygen. Facultative 
anaerobes may act in both ways. In the case of 
aerobes, where the ultimate electron acceptor is 
atmospheric oxygen (aerobic respiration), the 
carbon and energy source may be completely 
Oxidised to carbon dioxide and water. Energy 1,8 
provided by the production of energy-rich 
phosphite bonds and the conversion of adenosine 
diphosphate (ADP) to adenosine triphosphate 
(A'l P), This process is known as oxidative 
phosphorylation. Anaerobic bacteria use as electron 
acceptors compounds such as nitrates or sulphates 
instead of oxygen (anaerobic respiration). A more 
common process in anaerobic metabolism may be 
a series of axidoreductions in which the carbon 
and energy source acts as both the electron donor 
arid electron acceptor. This process is known as 
fermentation and leads, to die formation of several 

arganic end froductx *urh ns ai itb and alcohol*, as 

well as of gas (carbon dioxide and hydrogen). 
During the process of fermentation, energy-rich 
phosphate bonds are produced by the introduction 
of organic phosphate into intermediate metabolites. 
This process is known as substrafe-level 
phosphorylation. The energy-rich phosphate 
groups so formed are used for conversion of ADP 
to ATP 

In determining the growth of aerobic and 
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anaerobic bacteria.,, what is more important than 
the presence or absence of oxygen is the state of 
oxidation of the environment, The oxidising or 
reducing condition of a system is indicated by the 
net readiness of all the components in that system 
co take up, or part with electrons. This it known as 
the cniciafinn-m/ucrmfl I redox) potential of the 
system. The redox potential of a medium Is best 
estimated by measuring the electrical potential 
difference set up between the medium and an 
unattackabJe electrode immersed in it. This 
electrode potential (Eh) can he measured in 
millivolts. The more oxidised the system, the higher 
the potential. A simpler, though less accurate* 
method of measuring the redos potential is the use 
of oxidation-reduction indicators such as methylene 
blue, and noting the change in colour 

GAKMN OlriXIDE 

All bacteria require smalt amounts of carbon 
dioxide for growth. This requirement is usually met 
by the carbon dioxide present In the atmosphere, 
or produced endogenously by cellular metabolism. 
Sortie bacteria like Brucelhi aboiiuS require much 
higher levels of carbon dioxide ($-10 per cent) for 
growth, especially on fresh isolation (capnophilic). 

Tim I’i.R.vnit u 

Bacteria vary in their requirements of temperature 
for growth. For each species, there is a 'temperature 
range', and growth does nut occur above the 

maximum or below the minimum of the range. The 
temperature at which growth occurs best is known 
as the ‘optimum temperature*, which in the case- of 

most pathogenic bacteria is 37 "C, Bacteria which 
grow best at temperatures of 25-40 *C are called 
/nrsnfiliiJk. Ail ps.nt-.ites of warm blooded animals 
are mesophi lie. Within the group of mesophilic 
bacteria, some like fttitdomoiut aeruginosa have 
a wider range (5-43 ^C), while others like the 
gonococcus have a restricted range (30-39 *C). 

PsychraphiIk bacteria are those that grow hat 
at temperatures below 20 C, some of them even 


growing at temperatures as low as -7 “C. They arc 
soil and water saprophytes and though not of direct 
medical importance, may cause spoilage of refrigerated 
food.. Another group of non pathogenic bacteria, the 
thcimophiles, grow hot at high temperatures, 55- 
§■0 ,J C. They may cause spoilage of uiitierprocesEed 
canned food- Some thermophiles (like BacB/us 
stearothermophiius) form spores that are 
except] on a My thcrmorc distant. Extremely 
thermophilic bacteria have been identified which 
can grow at temperatures ax high sis 2SC 1 "C. 

Bacteria also differ in the effect of temperature on 
viability. Heat if an important method for the 
destruction of rtakrooigarusms (sterilisation.}, moist 
heat causing coagulation ami dtaatuiafon of proteins 
and dry heat causing oxidation and charring. Moist 
heat is more lethal than drv heat, The lowest 

i# 

temperature that kills a bacterium under standard 
conditions in a given time is known as the fcbemta/ 
death point. Under moist conditions most vegetative, 
mesophilic bacteria have a thermal death point 
between 5Q and 65 ,J C and most spores between 
100 and 120 *C. 

At: low temperatures some species die rapidly 
but most survive well. Storage in the refrigerator 
(3-5 'O or the deep freeze cabinet (-30 to -70 ®C) 
is used for preservation of cultures. Rapid freezing 
as with solid carbon dioxide or the use of a stabiliser 
such as glycerol, minimises the death of cells on 
freezing. 

Moirri kr. ami Dm i!\l j 

Water is an essential ingredient of bacterial 
protoplasm and hence drying is lethal to cells. 
However, the effect of drying varies in different 
species. Some delicate bacteria like Treponema 
pallidum arc highly sensitive, while others like 
staphylococci withstand drying for months. Spores 
are particularly resistant to desiccation and may survive 
in the dry sate for several decades. Drying in vacuum 
in the cold (freeze dn f rigar hqphffisatifjn} is* a method 
for the preservation ofbactetia, vi ruses and many labile 
biological materials. 
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H -10n Conc e nth atio n 

Bacteria are sensitive to variations in pH. Each 
species Has a pH range, above or below which it 
does HOI survive, and an optimum pH at which it 
grows best. Thu majority of pathogenic bacteria 
grow best ar neutral or slightly alkaline reaction 
(pH 7:2-7.b), Some acidophilic bacteria such as 
EactubadUi grow under acidic conditions. Others, 
such as the cholera vibrio, arc very sensitive to acid, 
but tolerate high degrees of alkalinity. Strong 
solutions of acid or alkali (5% hydrochloric acid 
or sodium hydroxide) readily kill most bacteria, 
though mycobacteria arc exceptionally resistant to 
them. 

I ,IGHT 

Bacteria (except rhe phorotrophic spedes) grow well 
in the dark. They are sensitive to ultraviolet light and 
other radiations. Cultures die if exposed to sunlight. 
Exposure to light may influence pigment production. 
Phofrxhromogemc mycobacteria form a pigment 


only on exposure to light and not when incubared 
in rhe dark. 

Osmotic Effect 

Bacteria are more tolerant to osmotic variation than 
most other cells due to the mechanical strength of 
their cell walls. Sudden exposure to hypertonic 
solutions may cause osmotic withdrawal of water 
and shrinkage oi protoplasm - p/asmo/rsis. This 
occurs more readily in Gram negative than in Gram 
positive bacteria. Sudden transfer from a 
concentrated solution ro distilled water may cause 
phsmoptysk (excessive osmotic imbibition Heading 
to -swelling and rupture of the cell). 

Mechanical and Sonic Stkbss 

Though bacteria have tough cel! walls, they may 
be ruptured by mechanical stress such as grinding 
or vigorous shaking with glass beads. They may 
also be disintegrated by exposure to ultrasonic 
vibration. 
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Mioioafgamsmi are ubiquitous. Since they cause 
conUmination, infection and decay, it becomes 
necessary' to remove cir destroy them (rum materials 
of from Areas, This is rhe object of sterilisation. 
The process of sterili sation is used in microbiology 
for preventing contamination by extraneous 
organisms, in surgery fox maintaining asepsis, in 
food and drug manufacture tor ensuring Safety from 
contaminating organisms, and in many other 
situations, The methods of sterilisation employed 
depend on the purpose for which it is carried out, 
the materia! which has to he sterilised and the 
nature of the microorganisms that arc to he removed 
or destroyed. 

Sterilisation is defined as the process by which 
ari article, surface or medium is freed of all living 
microorganisms either in the Vegetative Of Spore 
state. f?j : .sjn/eL-fj"rur means the destruction ar removal] 
of all pathogenic organisms, or organisms capable 
of giving rise to infection, The term Antisepsis is 
used to indicate rhe preven tion of infection, usually 
by inhibiting the growth of bacteria in wounds or 
tissues. Chemical disinfectants which can be safely 
applied to skin or mucous membrane and arc used 
to prevent infection by inhibiting the growth of 
bacteria are called antiseptics. Bactericidal agents 
or germicides are those which are able to kill 
bacteria. Bacteriostatic agents only prevent the 
multiplication of bacteria which may, however, 
remain alive, A chemical which is, bactericidal at a 
particular concentration, may only be bacteriostatic 
at a higher dilution. 

Cleaning, though a routine nontechnical 
procedure, plays, an important preparatory role 


before sterilisation or disinfection, by removing soil 
and ocher dirt and reducing the microbial burden, 
[itiddngsrerilisaiion more effective. DsconaiimMtMvi 
refers to the process of rendering an article or area 
free of danger from contaminants, including 
microbial, chemical, radioactive and other hazards. 

The various agents used in sterilisation can be 
classified as tallows : 

A. Physical agmUs 

L Sunlight. 

2 Drying. 

3. 13ry heat- flaming, incineration, hot air. 

4. Moist heat: pasteurisation, boiling, steam under 
normal pressure, steam under pressure. 

5. Filtration: candies, asbestos pads, membranes. 

6. Radiation.. 

7. Ultrasonic and sonic vibrations. 

B, Chemicals 

1. Alcohols: ethyl, isopropyl, irichlorobutanol. 

2 Aldehydes: formaldehyde, glufaraldchydc, 

3. Dyes. 

4. Halogens. 

5. Phenols, 

6. Surface-active agents. 

7. Metallic salts. 

S. Gases: ethylene oxide, formaldehyde, beta 
prnpinlactonc. 

Sunlight 

Sunlight possesses appreciable bactericidal activity 
and plays an important role in the spontaneous 
sterilisation that occurs under natural conditions. 
The action is primarily due to its content of 
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ultraviolet rays* most of which, however, are 
screened our by glass and the presence of ozone i n 
the outer regions of the atmosphere. Under natural 
conditions, its sterilising power varies according to 
circu instances. D [reel sunlight, as in tropical 
countryside where it is not filtered off hy impurities 
in the atmosphere, has an active gcrmiddal effect due 
m ihe combined effect of ultraviolet and best rays. 
Semple and Grieg showed dmt in Ltwlia h ryp 1 10 id bacilli 
exposed to the son on pieces of white drill cloth were 
killed in two hours, whereas controls kept in the dark 
were still alive after six days. Bacteria suspended in 
water are readily destroyed by exposure to sunlight. 

Dm it; 

Moisture is essential for the growth of bacteria. 
Four-fifths of the weight of the bacterial cell is 
due to water. Drying in air has therefore, a 
deleterious effect on many bacteria. However, this 
method is unreliable and is only of theoretical 
interest. Spores are unaffected by drying. 

I 11-AT 

Heat is the most reliable method of sterilisation 
and should be the method of choice unless 
contraindicated. Materials that may be damaged 
hy heat can be sterilised at lower temperatures, Fur 
longer periods or hy repealed eyries. The factors 
influencing sterilisation by heat arc: 

1, nature of heat—dry heat or moist heat, 

2. temperature and time, 

2. number of microorganisms present* 

4. characteristics of the organisms* such as, species* 
strain, sparing capacity, and 

5. type of material from which the organisms have 
to be eradicated. 

The killing effect of drv heat is due to protein 
denuturation, oxidative damage and the toxic effect 
of elevated levels of electrolytes. The lethal effect 
of moist hear is due to the denalu ration and 
coagulation of protein, The advantage of steam lies 
in the laten t heat liberated when it condenses on a 
cooler surface, raising the temperature of that 


surface. In the case of the spore, steam condenses 
on it, increasing its water content with ultimate 
hydrolysis and breakdown of the bacterial protein. 
In a completely moisture-free atmosphere, bacteria, 
like many proteins, arc more resistant to heat. They 
are killed when oxidation of the cell constituents 
occurs and this requires much higher temperatures 
than that needed for coagulation of proteins. 

The [ime required for sterilisation is inversely 
proportional to the temperature of exposure and 
can be expressed as 'thermal death time', which is 
the minimum rime required to lull a suspension of 
organisms at a predetermined temperature in a 
specified environment. The sterilisation time is 
related to the number of organisms in the 
suspension, presence or absence of Spores, tuld the 
strain and characteristics of organism. The 
recommended minimum sterilising times do not 
include the time taken hi reach the specified 
temperature. Hie nature of the material in which 
the organisms are beared affects the rate of killing. 
The presence- of organic substances, proteins, nucleic 
acids, starch, gelatin, sugar, fats and oils, increase 
the thermal death time. The presence of 
disinfectants and high add nr alkaline pH hasten 
bacterial killing. 

OliY HEAT 

Finmir>£ Inoculating loop or wire, the tip of 
forceps and searing spatulas are held its a bunsen 
flame till they become red hot. Inoculation loops 

carrying infective material may be dipped in a 
disinfectant before flan.ti.ng to prevent spattering. 
Incineration; This is an excellent method for 
safely destroying materials such as contaminated 
doth, animal carcasses, and pathological materials. 
Plastics such, as PVC and polythene can be dealt 
with similarly but polystyrene materials em i t clouds 
of dense black smoke and hence should be 
autoclaved in appropriate containers. 

Elm Liar men: This is the most widely used 
method of sterilisation by dry heat A holding period 
of 160 n C for one hour is used to sterilise glassware, 
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Fig. 3.1 Hoi air oven 

forceps, scissors, scalpels,, all-glass syringes, swabs, 
some pharmaceutical products such as liquid 
paraffin, dusting powder, fats and grease. Hoi air is 
a had conductor of heat and its penetrating power 
is low. The ovtn is usually heated by electricity; 
with heating elements in the wall of the chamber. 
It must be fitted with a fin to ensure even 
distribution of air and elimination of air pockets 
[Fig. 3.1). It should not be overloaded. The material 
should be arranged so as to allow free circulation 
of air in between the object*. Glassware should fie 
perfectly dry before being placed in the oven. Test 
tubes and llasks should be wrapped in paper. 
Kubbcr materials, except silicon rubber, will not 
withstand the temperature. At 160 °C cotton plugs 
may get charred. Culling instruments such as those 
Used iu ophthalmic surgery, should ideally be 
sterilised for two hours at 150 °C, The British 
Pharmacopoeia recommends, a holding time of one 
hour at 150 ,J C for oils, glycerol and dusting 
powder. The overt must be allowed to cool duwiy 
tor about two hours before the door is opened, since 
the glassware may crack due to sudden or uneven 
cooling. 


Sterilisation control: The spores of a 
nonnsxigenic strain of C/osm'dium retard are used 
as a microbiological test of dry heat efficiency; Paper 
strips impregnated with 10" spores are placed in 
envelopes and inserted into suitable packs. After 
sterilisation, the strips are removed and inoculated 
into thloglycolktc or cooked meat media and 
incubated for sterility test under strict anaerobic 
conditions for five days at 3? ‘- 1 C. 

A Brownes tube (green spot) is available for 
dry heat and is convenient for routine une. After 
proper sterilisation a green colour is produced (after 
60 minutes at 160 U C or 115 minutes at 150 °C). 
Thermocouples may also he used periodical ly. 

Moist Heat 

Temperatures below 100 
For pus-icurisatinn of milk; The milk is 
heated at either 63 "C for 30 minutes (the holder 
method) ur 72 °C for 15-20 seconds (the flash 
process) followed by cooling quickly to 13 °C or 
lower. By these processes all nonsporing pathogens 
such as, mycobacteria, brucellae and salmonellae 
arc destroyed- CoXiclta hutnetii is relatively heat 
resistant and may survive the holder method. 

Vaccines of nonsporing bacteria are heat 
inactivated in special vaccine baths at 60 U C for 
one hour. Serum or body fluids containing 
cnagulable proteins can he sterilized by heating for 
one hour at 56 °C in a w^tor bath on several 
successive days. 

Media such as Lowcnsfcin—Jensen and 
Lodflcfls scrum arc rendered sterile by heating at 
60-85 D C lor hall an hour on three successive days 
i n an inspiWa tor. 

Though practically all mesophilic nonsporing 
bacteria are killed by exposure to moist heat at 60 "C 
for 30 minutes, Staphylococcus aureus and 
StrepToctfcccus fuecalis require 60 minutes. A 
temperature of SO °C for 5-10 minutes destroys 
the vegetative forms of all bacteria, yeasts and 
moulds. Among the most heat resistant cells are 
the spores of C/osfrkfium foruUmini which require 
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120 °C for four minutes, or 100 *'C for 330 minutes 

for their destruction. Most viruses arc inactivated 
very rapidly at fill °C, hut some are relatively 
resistant, for cample, poliovirus and hepatitis B 
virus which may survive for 30 minutes and over 
10 hours rcspecth'cly, at this temperature. 

Temperature til 100 "C 
H nilin# Vegetative bacteria arc hilled almost 
immediately at 90-100 ^C, but sporing bacteria 
require prolonged periods of boiling, Boiling is nor 
recommended for sterilising ui instruments used 
tor surgical procedures and should be regarded only 
as a means of disinfection. Nothing shore of 
autoclaving at high pressure can destroy spores and 
ensure sterilisation. Hard water should not be used, 
Sterilisation may be promoted by the addition of 
2% sodium bicarbonate to the water. 

In case* where boiling is considered adequate, 
the material should be immersed in the water and 
boiled for 10-30 minutes, The lid of the steriliser 
should not be opened during the period. 

Steam til atmospheric pressure 
(lOOCk atmosphere of free steam is used to 
sterilize culture media which may decompose if 
subjected to higher temperatures. A Koch or Arnold 
steamer is usually used. (Laboratory autoclaves can 
also be used for this purpose.) This is an 
inexpensive method. The container and medium ate 
simultaneously sterilised, evaporation from the 
medium is prevented and the apparatus requires 
little or no attention. 

The steamer consists of a tinned copper cabinet 
with the walls suitahly lagged. The lid is conical, 
enabling drainage of condensed steam, and a 
perforated tray fitted above the water level ensures 
that the material placed on it is surrounded by steam 
(Fig. 3 .2). A single exposure of ninety minutes 
usually ensures sterilisation hut for media containing 
sugars or gelatin an exposure of 100 'C for 20 
minutes on three successive days is used. This is 
known as tviiLfai/f sa tfort or in femur tent srerth'safjon. 
The principle is that the first exposure kills all 
vegetative bacteria, and the spores, since they are 



Fig. 3.2 Steamer 

in a favourable medium, will germinate and he killed 
on the subsequent occasions. Though generally 
adequate, this method may fail with spores oi 
certain anaerobes and thenmophiles, 

Steam under pressures principle of the 
autoclave or steam steriliser is that water boils when 
its vapour pressure equals that of the surrounding 
atmosphere. Hence when pressure inside a closed 
vessel increases, the temperature at which water 
boils also increases. Saturated steam has penetrative 
power. When steam comes into contact with a 
cooler surface it condenses to water and gives up 
irs latent heat to that surface (1600 ml steam at 
100 “C and at atmospheric pressure condenses into 
one ml of water at 100 and releases 518 calorics 
of heat). The large reduction in volume sucks in 
more steam to the area and the process continues 
tilt the temperature of that surface is raised to that 
of the steam. The condensed water ensures moist 
conditions for killing the microbes present. 

Sterilisation by steam under pressure is carried 
out at temperatures between 10R U C and 147 , 'C. 
By using the appropriate temperature and time, a 
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variety of materials such as dressings* instruments, 
laboratory wart, media and pharmaceutical 
products car he sterilised, Aqueous solutions arc 
sterilised between 108 "C and 126 "C. Heat is 
conducted through the walls of the sealed 
containers until the temperature of the fluid inside 
is the same as that of the steam outside, 

S eve nil types of steam sterilisers arc in use: 

1. laboratory autoclaves, 

2. hospital dressing sterilisers, 

3. bowl and instrument sterilisers, and 

4. rapid cooling -sterilisers. 

Evert the domestic pressure cooker can be used 
as a steriliser. 

In its simplest form* the laboratory autoclave 
consists of a vertical or honaoncal cylinder ofgimmetal 
or stainless steel* in. a supporting sheet iron case. The 
[id or dour is fastened by screw clamps and made 
airtight by a suitable washer. The autoclave has on its 
Lid or upper side a discharge tap for air and steam, a 
pressure gauge and a safety valve that can be set to 
blow off at any desired pressure. Heating is by gas or 
electricity (Fig. 3,1). 

Sufficient water is put in the cylinder, the 
material to be sterilised is placed on the tray, and 
the autoclave is heated. The lid is screwed tight 
with the discharge tap open. The safety valve is 
adjusted to rhe required pressure. The steam-air 
mixture is allowed to escape freely rill all the air 
has been displaced. This can be tested by leading 
the escaping steam into a pail of water through a 
rubber tubing. When no more air bubbles come 
out in rhe pail the discharge tap is closed. The 
steam pressure rises inside and when it reaches rhe 
desired set level* the safety valve opens and the 
excess steam escapes. From this point, the holding 
period is calculated. When the holding period is 
over, the heater is rurned off and the autoclave 
allowed to cool tilt the pressure gauge indicates 
that the pressure inside is equal to the atmospheric 
pressure. The discharge tap is opened slowly asid 
air is let info the autoclave. If the tap is opened 
when the pressure inside is high* liquid media will 



Fig. 3,3 A simple autoclave 

tend to boil violently and spilt from the container 
and sometimes an explosion may occur. If opened 
after the pressure inside has fallen below 
Atmospheric pressure, an excessive amount of water 
would have evaporared and lost from the media. 
The defects in this type of autoclave arc: 

1, The method of air discharge is inefficient, and 
it is difficult to decide when the discharge is 
complete. Il the air is not completely removed, 
the desired temperature will, not be attained. 

2, There is no facility for drying the load after 
sterilisation And before Inking it out. 

The domestic pressure cooker serves as a 
miniature autoclave and may be used for sterilising 
small articles in clinics and similar establishments. 

A wide variety of autoclaves have been 
manufactured incorporating various devices for 
overcoming these defects and other difficulties in 
working. 

Sterilisation control: For determining the 
effkacy of moist heat sterilisation, spores of Budilin 
stearothermaphifm are used die test organism. 
This is a thermophilic organism with an optimum 
growth temperature of S5-6Q C and its spores 
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Table 3.1 Recommended temperalure arid duration lor heat sterilisation 


Method 

Temperature (C) 

Molding time (in minutes) 

Au toclave 

121 

IS 


126 

10 


134 

3 

Hot air oven 

160 

45 


170 

n 


190 

7.5 


190 

1.5 


require an exposure of \2 minutes at 121 to be 
killed. Paper strips, impregnated with 10* spores 
are dried at room temperature and placed in paper 
envelopes, These envelopes are inserted in different 
parts of the load. After sterilisation, the strips are 
inoculated into a suitable recovering mcdhim and 
incubated for sterility test at 55 a C for five da) 1 ?. 

Chemical indicators, autoclave tapes and 
thermocouples may also be used instead. 

Filtration 

Filtration helps to remove bacteria from heat labile 
liquids such as sera and solutions of sugars or 
antibiotics used for preparation of culture media. 
As vi ruses pass through ordinary filters, filtration 
car be used to obtain bactcria-frcc filtrates of clinical 
samples for vims isolation. Filter discs also help to 
concentrate bacteria from liquids as for example in 
testing water samples for cholera vibrios or typhoid 
bacilli. Bacterial toxins can be obtained bv passing 
cultures through biters. 

The following types of filters have been used. 
Candle filters: These are manufactured in 
different grades of porosity and have been used 
widely for purification of water for industrial and 
drinking purposes, They are of two types: (t) Un¬ 
glazed ceramic filters (for example* Chamberlain! 
and Doultort filter; (b) Diatoittuceous earth filters 
(for example, Berkcfold and Mandlcr ftlteis). 
Asbestos Fillers arc disposable, si ogle-use discs. 
They have high adsorbing capacity and tend to 
alkalinisc filtered liquids. The carcinogenic 


potential of asbestos has discouraged their use. 
Examples arc Seitz, and Stcrimat filters. 

Sintered glass filters arc prepared by heat- 
fusing finely powdered glass particles ofgraded sizes. 
They have low absorptive property and. can be 
cleaned easily but ate brittle and expensive. 
Membrane fillers made of cellulose esters or 
ocher polymers have largely replaced other types 
of filters. They are routinely used in water 
purification and analysis, sterilisation and sterility 
testing, and for the preparation of solutions for 
parenteral use. They come in a wide range of average 
pore diameters (APD1, the 0,22 mm size being 
most widely used for sterilisation.. 

Radiation 

Two types of radiation arc used for sterilisation, 
nortiunising and ionising. Infrared and ultraviolet 
rays arc of the nonionising low energy type, while 
gamma rays and high energy electrons are the high 
enerjgy ionising type. 

Non ionising radiation: Here electromagnetic 
rays with wavelengths longer than those of visible 
Light are used. These are to a large extent absorbed 
as heat. Hence infrared radiation can be considered 
as a form of hot air sterilisation. Infrared radiation 
is used for rapid mass sterilisation of prepacked 
items such is syringes and catheters. Ultraviolet 
radiation is used foe disinfecting enclosed areas such 
as enlryways, operation theatres and laboratories, 
I (mi sing radial ion: K^rayst gamma rays and 
cuumc rays are highly lethal to DNA and other 
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vital constituents. They have very high penetrative 
power. Since there is no appreciable increase in 
temperature in this method, it is referred to as cold 
sterilisation. Commercial plants use gamma 
radiation for sterilisLOg items lake plastics, syringes, 
swabs t catheters, animal feeds, cardboard, oils, 
greases, fabrics and metal foils. 

High etwtgy electron radiation as a method of 
sterilisation is nor widely used in medicine, 

ULTRASONIC AND SONIC VIBRATION 

Ultrasonic and sonic waves are credited with 
bactericidal powers but the results have been 
variable. Microorganisms vary in their sensitivity 
to them and survivors have been found after such 
treatment. Hence this method is of no practical 
value in sterilisation and disinfection. 

Chemical Agents 

Several chemical agents are used as antiseptics and 
disinfectants. However little is known about the 
mechanism of action of many of these agents. An 
ideal antiseptic or disinfectant should : 

■ have a wide spectrum of activity and must be 
effective against all microorganisms, that is* 
bacteria including spores, viruses, protozoa and 
fungi; 

* be active in the presence of oiganic matter; 

■ be effective in acid as well as alkaline media; 

* have speedy action; 

* have high penetrating power; 

■ be stable; 

* be compatible with other antiseptics and 
disinfectants; 

* not corrode metals; 

* not cause local irritation or sensitisation; 

* not interfere with healing; 

* not be toxic if absorbed into circulation; 

* he cheap and easily available; and he safe and 
easy to use, 

Such an ideal chemical is yet to be found. 

The factors that determine the potency of 
disinfectants are: 


* concentration of the substance; 

* time of action; 

+ pH of the medium; 

* temperature; 

* nature of the organisms; and 

■ presence of extraneous material; 

Chemical agents acr in various ways. The main 
rrnxlcs of action are: 

1. protein coagulation; 

2. disruption of cell membrane resulting in 
exposure, damage or loss of the Contents; 

3. removal of free sulphydiyt groups essential for 
the functioning of the enzymes; and 

4. substrate competition; A compound resembling 
the essential substrate of the enzyme diverts or 
misleads the envy me* necessary for the 
metabolism of the cell and causes cell death. 

Alcohols 

Ethyl alcohol (ethanol) and isopropyl alcohol are 
the most frequently used. They art used mainly as 
skin antiseptics and act by denaturing bacterial 
proteins. They have no action on spores. To be 
effective, they must be used at a concentration of 
6(MK> per cent in water. Protein slows its action 
whereas 1% mineral acid or alkali enhances the 
action. Isopropyl alcohol is preferred as it is a better 
fat solvent, more bactericidal and less volatile. It is 
used for the disinfection of clinical thermometers. 

Methyl alcohol is effective against fungal spores 
and is used for treating cabinets and incubators 
affected by them. The insides of the chambers ate 
wiped with liberal amounts of methanol, A pad 
moistened with methanol and fi dish of water (to 
ensure high humidity) are kept inside, and the 
incubator is left at working temperature for several 
hours. Methyl alcohol vapour is toxic and 
inflammable. 

Aldehydes 

Form aldehyde is active againsr the amino group in 
the protein molecule. In aqueous solutions, it is 
markedly bactericidal and sporicidal and also has a 
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lethal effect on viruses. It is used to preserve 
anatomical specimens;, lull! for destroying anthrax 
spores in hair and wool; 10% formalin containing 
0.5% sodium Tetraborate is used to sterilise clean 
metal instruments. 

Formaldehyde gas is used for sterilising 
instruments and heat sensitive catheters and for 
fumigating wards, sick rooms and laboratories. 
Under properly controlled conditions, clothing, 
bedding, furniture and books can be satisfactorily 
disinfected. 

The gas is irritant and toxic when inhaled. 
Surfaces which have been disinfected by this agent 
may give off in irritant vapour for same time after 
disinfection. Ibis can be nullified by exposure to 
ammonia vapour after disinfection has been 
completed. 

(jlutnruldehvde: This has an action similar to 
formaldehyde. It is specially effective against 
tubercle bacilli, fungi and viruses- It is less toxic 

anti irritant to the eves and skin than formaldehyde. 

v f 

It has no deleterious effect on the cement or lenses 
of instruments such as cystoscopes and 
bronchoscopes. It can be safely used to treat 
corrugated rubber anesthetic tubes and face masks, 
plastic endotracheal lubes, metal iiiHtrurtientH and 
polythene tubing. 

D Y ES 

Two groups of dyes, aniline dyes and acridine dyes 
are used extensively as skin and wound antiseptics. 
Both are btettrioftta ric in high di lution but are of 
low bactericidal activity. 'Hie aniline dyes in use 
hr- bri l liant g reen , malachite green and crystal viofer, 
They are more active against Crain positive 
organisms than against Grant negative organisms. 
They have no activity against tubercle bacilli, and 
hence the use of malachite green in the 
Lowensle in-Jen sen medium. Though they are 
nonirritant to the tissues and non toxic, they are 
considerably inhibited by organic material such as 
pus. Their lethal effects on bacteria are believed to 
be due to their reaction with the acid groups in the 


cell. These dyes are used in the microbiology 
Laboratory as selective agents in culture media. 

The acridine dyes arc mote active against Gram 
positive organisms than against Gram negative but 
are not as selective as the aniline dyes. They are 
affected very little by the presence of organic matter. 
'Die more important dyes arc proflavine, acriflavine, 
curtainnc and aminacrine, They show no significant 
differences in potency. If impregnated in gauze, they 
are slowly released in a moist environment, and 
hence their advantage and use in clinical medicine. 
They impair the BN A complexes of the organisms 
and thus kill or destroy the reproductive capacity 
of the cell. 

Halogens 

Iodine i n aqueous and alcoholic solution has been 
used widely as a skin disinfectant. It is actively 
bactericidal, with moderate action against spores. 

It is active against the tubercle bacteria and viruses. 
Compounds of iodine with ntmionic wetting or 
surface active agents known as iodophorcs are 
claimed to be more active than the aqueous or 
alcoholic solutions of iodine. 

Chlorine and its compounds have been used as 
disinfectants for many years. Water supplies, 
swimming pooh, food and dairy industries use 
chlorine for disinfection. Chlorine is used 
Commonly as hypochlorites. Chlorine and 
hypochlorites ate markedly bactericidal. They have 
a wide spectrum of action against viruses. The 
organic chloramines are used as antiseptics for 
dressing wounds. 

Phenols 

These are obtained by distillation of coal tar 
berween temperatures of!70 H C and 270 "G. Lister, 
the father ofanriseptic surgery, first introduced their 
use in surgeiy U865). Since then a wide range of 
phenolic compounds have been developed as 
disinfectants. The lethal effect of phenols is due to 
their capacity to cause cell membrane damage, 
releasing cell contents and causing lysis. Low 
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concentrations oi phenol precipitate proteins. 
Membrane-hound oxidase* and dchvdrogenases arc 
inactivated by concentrations of phenol that are 
rapidly bactericidal for microbes. 

Phenol (carbolic acid) is a powerful 
microbicidal substance, This and other phenolic 

di&infeetanrs derived from coal nr are mdelv used 

!> 

as disinfectants for various purposes in hospitals, 
Lj.mil and uresol arc active against a wide range of 
organisms., They arc not readily inactivated by the 
presence of organic matter and are thus good general 
disinfectant!;. These are toxic to humans. Various 
proprietary preparations or formulations of phenol 
□re in wide use. The related chlorophcnols and 
ehloroxyphenols, though less toxic and irritant, arc 
less active and more readily inactivated by organic 
matter, ffnth these groups of substances arc relatively 
inactive against Pseudomonas, Various 
combinations of these arc used in the control of 
pyogenic cocci in surgical and neonatal units in 
hospitals. Hexachtorophenc is potentially toxic and 
should be used with cane, Chiorhexidine (Hibitane) 
is a relatively nontoxic skin antiseptic most active 
against Oram positive organisms, and fairly effective 
against Gram negative ones,. Aeneous solutions are 
used in the treatment of wounds. 

Cj AS Fi!i 

Ethylene oxide: This is a colourless liquid with 
a boiling point ofl0.7*C t and at normal temperature 
and pressure is a highly penetrating gas with a sweet 
ethereal smell. It is highly inflammable and in 
concentrations in air greater than 3%, highly 
explosive. Bv mixing it with inert gases such as 
carbon dioxide or nitrogen, to a concentration of 
10%, its explosive tendency is eliminated. 

Its action is due to its alkylating the amino, 
carboxyl, hydroxyl and sulphydryl groups in protein 
molecules. In addition, it reacts with DNA and 
RNA, Its use as a disinfectant presents a potential 
toxicity r to human beings, including mutagenicity 
and carcinogenicity. It is effective against all tvpcs. 
of microorganisms including viruses and spores-, 


It diffuses through many types of porous 
materials and readily penetrates some plastics. It is 
Specially used for Sterilising heart—lung machines, 
respirators, sutures, dental equipment, books and 
clothing. It is unsuitable for fumigating rooms 
because of its explosive property, It has been 
successfully used to sterilise a wide range of 
materials such as glass, metal and paper surfaces, 
clothing, plastics, sod, some foods and tobacco. It 
is Irritant, and personnel working with it have to 
take strict precautions., 

Formaldehyde gas; This is widely employed 
for fumigation of operation theatres and other 
rooms. After sealing the windows and other outlet*, 
formaldehyde gas is generated bv adding ISO g of 
KMnOj, to 2S0 ml formalin for every 2000 tu. ft 
(20 cu. m) oi room volume. The reaction produces 
considerable heat, and so heat resistant vessels 
should be used. After starting generation of 
formaldehyde vapour, the doors should be scaled 
and left unopened fur 4fi hours. 
Detaproplolnctone (DEL): This is a 
condensation product of kerane and formaldehyde 
with a boiling point of 163 *C Though as a gas it 
ha& low penetrating power, it is said to be more 
efficient for fumigating purposes than formaldehyde. 
It has a rapid biocidal action hut unfortunately has 
Carcinogenic activity. For sterilisation of biological 
products 0.2% BPL is used. It is capable of killing 
all microorganisms and is very active against viruses. 

Surface Active Agents 

Substances which alter energy relationship at 
interfaces, producing a reduction of surface or 
Lnterfacial tension arc referred to as surface active 
agents 'Ihcy arc widely used as wetting agents, 
detergents acid emulsifiers. They arc classified into 
four main groups, anionic, cationic, nonionic and 
amphoteric. The most important antibacterial 
agents are the cationic surface active agents. These 
act on the phosphate groups of the cell membrane 
and also enter the cell, The membrane loses its 
sc mi permeability and the cell proteins are 
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denatured. The cationic compounds in the form of 
quaternary ammonium compounds are markedly 
bactericidal, being active against Gram positive 
organisms and to a lesser extent on Gram negative 
ones.They have no action on spores,, tubercle bacilli 
and most viruses- The common compounds are 
acetyl trimethyl ammonium bromide (Cetavion or 
cetrimide) and benaalfconium chloride. These are 
most active at alkaline pH, Acid inactivates them. 
Organic matter reduces their action and anionic 
surface active agents, like ordinary soaps, render 
t he m i nat: ti ve. The anionic compounds, e.g,, 
common soap, have moderate action- Soups 
prepared from saturated fatty acids (such as quonvt 

oil) are more effective against Cram negative bacilli 
while those prepared from unsaturated fa try acids 
(oleic acid) have greater action against Gram 
positive and Neisseria group of organisms. The 
amphoteric or ampholytic compounds, known as 
' Jej^o 1 compounds, are active against a wide range 
of Gram positive and Gram negative organisms and 
some viruses. These, however, are not in general 
use. 

Metallic Saits 

Though all salts have a certain amount of germicidal 
action depending on their concentration, salts of 
heavy metals have a greater action- The salts of 
silver, copper and mercury are used as disinfectants. 
They are protein coagulants and have the capacity 
to combine with free sulphydryl groups of cell 
enzymes, when used at appropriate concentrations. 


Mercuric chloride, once used as t disinfectant it 
highly toxic. The organic compounds, thiomereal, 
phenyl mercury nitrate and mercurochrome, arc less 
toxic and are used m mild antiseptics and have a 
marked bacteriostatic, hut a weak bactericidal and 
limited fungicidal action. Silver salts in aqueous 
solution have a limited use. Copper salts are used 
as fungicides. 

T« STING m■ PisiNi-KtTANir.s 

There is no single reliable rest available to 
determine efficiency of a disinfectant. This is due 
to the number of parameters which influence 
disinfectant activity. Traditionally in such tests 
phenol is taken as the standard- In the Rideal 
Walker test, suspensions containing equal numbers 
nf typhoid bacilli are submitted to the action of 
varying concentrations of phenol and of the 
disinfectant to be tested, The dilution of the test 
disinfectant which sterilises the suspension in a 
given time, divided by the corresponding dilution 
of phenol is stated as the phenol coefficient (Phenol 
* 13 of the disinfectant. This test does not reflect 
natural conditions as the bacteria and the 
disinfectant react directly without any organic 
mstcer being present. Mndifuiatious have therefore 
been suggested- In the Chick Martin test, the 
disinfectant acts in the presence of organic matter 
(dried yeast or feces). Even this modification falls 
short of simulating natural conditions, Various other 
modifications have been introduced, but no test is 
entirely satisfactory. 
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Culture Media 


Bacteria have- to tut: grown (cu/fumd,) for them 10 
be identified, as only rarely can they he recognised 
by their morphology atone. The study of bacteria 
involves the study of bacterial populations rather 
than of single bacterial cells. In the human and 
animal bodies, as well as in other natural sources, 
bacteria occur as mixed populations. By appropriate 
procedures they have to be grown separately 
(tsoitted) on cu/fun? media and obtained as pure 
cultures for study. 

Numerous culture media have been devised,The 
original media lived by Louis, Pasteur Were liquids 
such a* umie or meat broth. Liquid media have 
many disadvantages. Bacteria growing in Liquid 
media may not exhibit specific characteristics for 
their identification. It is also difficult to isolate 
different types of bacteria from tnLved populations;, 
using liquid media. However, liquid media have 
their uses, for example, for obtaining bacterial 
growth from blood or water when large volumes 
have to be tested, and for preparing bulk cultures 
of antigens or vaccines, 

While bacteria grow diffusely in liquids, they 
produce discrete visible growth on solid media. If 
inoculated in suitable dilutions, bacteria form 
colonics, which are clones of cells originating from 
a single bacterial Cell. On solid media, bacteria have 
distinct colony morphology and exhibit many other 
characteristic features such as pigmentation or 
bemolvsis, making identification ease. The earliest 
solid medium was cooked cut potato U'vcd bv Knbert 
Koch, Later he introduced gchtin to solidify liquid 
media but it was not satisfactory as gelatin is 
liquefied at 24 U 'C and also by many proteolytic 


bacteria. The use of agar to solidify culture media 
was suggested bv Frau Hesse, the wife of one of 
rhe investigators in Kochi laboratory, who had seen 
her mother using agar for making jellies! 

Agar (or agar-agar) is now universally used 
for preparing solid media. Agar is obtained from 
some types of seaweeds. Its chief constituent is a 
long chain polysaccharide. It also contains varying 
amounts of inorganic salts and small quantities of a 
protein like substance. It has virtually no nutritive 
value and is not affected by the growth of bacteria, 
Agar is hydrolysed at high temperatures, at high 
acid or alkaline pH, Ire unique property is that it 
melts at 98 °C and usually sets at 42 °C depending 
on agar concentration. Approximately 2% agar is 
employed for solid media. r fhe jellifying property 
varies Id different brands of agan for example, New 
Zealand agar has more jellifying capacity than 
Japanese agar Agar is manufactured either in long 
shreds or as powder. There may be variations 
berweeri different batches of the same brand, apart 
from the differences due to a different source of 
agar. 

Another almost universal ingredient of common 
media is peptone. It is a complex mixture of partially 
digested proteins. Its constituents arc proteoses, 
fH]lvi»epit Jcs and ani iiKuuii^, a variety of inorganic 
salts including phosphates* potassium and 
magnesium and certain accessory growth iactors 
such as ribullaviit. Different brands of peptone show 
appreciable differences in composition and growth 
promoting properties. There may be variations 
between different batches of the same brand. 

Special brands of peptone such as neopeptone 
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Blood agar: Strep pyogenes magnified lo show 
small colonies surrounded try zones of clear hemolysis 



Blood agar wth alpha hEmolyhc 
viridans strEptoCOCCE 



Blood CsHurrte agar showing black colonies 
of diphtheria bacilli 
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MaeCoftkey agar wrth smcralh, pink colonies 
of Eictwiehti coii 


/ 


I 


■■ 


Maetonhsy agar wilh coi omes 

of £ coii {pink) and 5 (yphrftolaurlessl 


MaeCortkcy agar with large mucoid 

Kte^pffeLwrujro'je colonies 


TCB5 ag^or with green colonies 

□l v parahemolyticus 
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and proteose peptone arc available for special uses. 
Commercially available peptones or digest broth tan 
be used. Meat extract is also available commercially 
and is known as I aivLemoo. Hlood, scrum and yeast 
extract arc other common ingredients. 

Typhs 

Media have been classified in many wsyK 

1, Solid media, liquid media, scmisolid media, 

2, Simple media, complex media, synthetic or 
defined media, semide fined media, special 
media. Special media ate further divisible into: 
enriched media, enrichment media, selective 
media, indicator or differential media, sugar 
media, and transport media. 

3, Aerobic media, anaerobic media. 

Simple media (hasHl medial; An example 
is nutiient broth. It consists- of fjeptone, meat extract, 
sodium chloride and water. Nutrient agar, made by 
adding 2% agar to nutrient broth is the simplest 
ami most common, medium in mutine diagnostic 
laboratories. If the concentration of agar is reduced 
to 0.2-0,5%, semisolid or sloppy agar is obtained 
which enables motile organisms ro spread. Increasing 
the concentration of agar to fi% prevents spreading or 
swarming by organisms such as Proton. 

Complex rued in: These have adder! ingredients 
for special purposes or for bringing out certain 
characteristics or providing special nutrients required 
for the growth of the bacterium under study 
Synthetic or defined medin: These media 
are prepared from pure chemical substances and 
the exact composition of the medium is known. 
These are used for various special studies such as 
metabolic requirements. Simple peptone water 
medium, 1% peptone with 0,5% NaCl in water, 
may be considered a sctnldcfincd medium since its 
composition is approximately known. 

Enriched medial In these media, substances such 
as bl(xid, scrum, or egg are added to a basal medium. 
They arc used to grow bacteria which arc more 
exacting in their nutritional needs. Examples arc blood 
agar, chocolate agar and egg media. 


Enrichment medio: In mixed cultures or in 
mat erial! containing more than one bacterium, the 
bacterium In be isolated is often overgrown by the 
unwanted bacteria. Usually the nonpathogenic or 
commensal bacteria tend to overgrow the 
pathogenic ones, for example 5 .typhi being 
■overgrown by E. coir in cultures from feces. In such 
situations, substances which have a stimulating 
effect on the bacterial to be grown or an inhibitory 
effccr on those to he suppressed are Incorporated 
in the medium. If such substances are added to a 
liquid medium, the result is an absolute increase in 
the numbers of the wanted bacterium relative to 
the other bacteria. Such media are called 
enrichment media, lor example tetrath innate broth 
where the tetrath innate inhibits coliforms while 
allowing typhoid-paratyphoid bacilli to grow freely, 
and Selenite F bmth tor dysentery bacilli. 
Selective media; As in the above case, if the 
inhibiting substance is added to a solid medium, it 
enahfcs a greater number of the required bacterium 
to form colonics than the other bacteria, for example, 
desoxyehoiace citrate medium for dysentery bacilli. 
Such solid media, are known as selective media. 
Indicator media: These media contain an 
indicator which changes colour when a bacterium 
grown i n them, for example incorporation of sulphite 
in Wilson and tHair medium, S , typhi reduces 
sulphite to sulphide in the presence of glucose and 
the colonies of S. typhi have a black me talli c sheen. 
Potassium tellurite ifl Mel.cod's medium is reduced 
to metallic tellurium hy the diphtheria bacillus to 
produce black colonics. 

Different}ill media: A medium which has 
substances incorporated in it, enabling it to bring 
out differing characteristics of bacteria and thus 
helping to distinguish between them, is called a 
differencial medium. For example, MaeConkey’s 
medium which consists of peptone, lactose, agar, 
neutral red and tauroeholate shows up lactose 
fermenters as pink colonies, while nonlactose 
fermenters are colourless or pale. This may also be 
termed indicator medium. 
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Some of these terms tot media are 
interchangeable. For example, the Mood agar 
medium is- an touched medium hut bacteria lysing 
red cels show ai clearing around their colonics. 
Thus, it is an indicator medium as well. There are 
many special media for demonstrating particular 
characteristics, li ke Nagler's medium which enables 
us to view leeithinase activity.. 

Sugar mediae The term'sugar in microbiology 

denotes any fermentable substance. They may be; 

1. Monosaccharides — a) pentoses, e.g., arabinosc, 
xylose, b} hexoscs, e.g,, dextrose, mannose 

2. Disaccharides, e.g., saccharose, lactose 
d Polysaccharides, c,g.» starch, inutin 

4. Trisaceharides, e.g„, raffinose 

5. Alcohols, e.g„ glycerol, sorbitol 

6. Glucosldes, e.g., salicin, aesculin 

7. Noncarbohydfate substances, e.g., inositol. 
The usual sugar media consist of 1 % of the sugar 

in peptone water along with an appropriate 
indicator. A small tube (Durham's tribe) is kept 
inverted in the sugar tube to detect gas production. 
For organisms which are exacting in their growth, 
requirements (for example pneumococci) 1 , Hiss’ 
serum sugars are used. They contain 3% serum. 
Transport media; In the case of delicate 
organisms (like gonococci) which may not survive 
the time taken for transporting the specimen to the 
laboratory or may be overgrown by nempathogens 


(such as dysentery or cholera organisms in fcccs), 
special media are devised for transporting the 
specimens. These are termed transport media, for 
example, Stuart's medium-—a non-nutrient softapr 
gel containing a reducing agent to prevent oxidation, 
and charcoal to neutralise certain bacterial 
inhibitors— lor gonococci, and buffered glycerol 
saline for enteric bacilli. 

Anaerobic media; These media ate used to 
grow anaerobic organisms, first example, Robertson's 
cooked meat medium. 

Various media to test special properties like 
urease production, and composite media for 
simultaneous demonstration of different features 
have been devised. They are dealt with in the 
appropriate chapters. 

For identifying prepared media, a colour code 
is usually adopted. This depends on the laboratory 
or group of laboratories. One colour or a mixture 
of colours is used on the cotton stopper, or colour 
paints are used on the caps. 

Culture media used to be prepared in 
laboratories themselves, starling with basic 
ingredients. Not only was this laborious but if also 
led to considerable batch variation in the quality at 
media. With the ready availability of commercial 
dehydrated culture media, the process of media 
making lias become simpler and its quality more 
uniform. 
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Culture methods employed depend on the purpose 
forvrilich they are attended, In the clinical laboratory, 
the indications far culture are mainly to: 

1, isolate bacteria in pure culture; 

2, demonstrate their properties; 

3, obtain sufficient growth for preparation of 
antigens and tor other tests; 

4, type isolates by methods such as bacteriophage 
and hacreriocin susceptibility; 

5, determine sensitivity to antibiotics; 

6, estimate viable counts; and 

7, maintain stock cultures. 

The methods of culture used ordinarily in the 
laboratory are the streak* lawn, stroke, stab, pour 
plate and liquid cultures. Special methods are 
employed for culturing anaerobic bacteria. 

The yrreik cuffurr (surface plating} method is 
routinely employed fur the isolation of bacteria in 
pure culture from clinical speciintilS. A platinum 
loop is charged with the specimen to be cultured. 
Owing to the high cost of platinum, hops for 
routine work arc made of Nichromc resistance wire 
(24 SWG size). One loopful of the specimen is 
transferred onto the surface of a well dried plate, 
on which it is spread over a small area at the 
periphery. The inoculum is then distributed thinly 
over the plate by streaking it with the loop in a 
series of parallel lines, in different segments of the 
plate. The loop should be flamed and cooled 
between the different sets of screaks. On incubation, 
growth may be confluent at the site of original 
inoculation, but becomes progressively thinner, and 
well separated eoionks arc obtained over the final 
series of streaks. 


The JjwtTT nr carpet nuifure provides a uniform 
surface growth of the bacterium and is useful for 
bacteriophage typing and antibiotic sensitivity 
testing (disc method). It may also be employed 
when a large amount of growth is required on solid 
media as, for instance, in the preparation of bacterial 
antigens and vaccines. Lawn cultures are prepared 
by fluoding the surface of the plate with a liquid 
culture or suspension of the bacterium, pipetting 
off the excess inoculum and incubating the plate. 
Alternatively, the surface of the plate may be 
inoculated by applying a SWT(h snaked in the bacterial 
culture or suspension. 

The smoke culcure is made in tubes containing 
agar stops (.sJant) and is employed for providing a 
pure growth of the bacterium for slide agglutination 
and other diagnostic tests. 

Stab cultures arc prepared hy puncturing a 
suitable medium such as nutrient gelatin or glucose 
agar with a long, straight, charged wire. The 
medium is allowed to set, with the rube in the 
upright position, providing a flat surface at the top 
of the medium- Stab cultures axe employed mainly 
for demonstration of gelatin liquefaction and oxygen 
requirement of the bacterium under study. They 
are also used in the maintenance of stock culturcs. 

For preparing poor plate culture, tube* 
containing 15 ml of the agar medium are melted 
and left to cool in a water bath at 45-50 °C, 
Appropriate dilutions of the inoculum (of 1 ml) 
are added to the molten agar, mixed well and the 
contents of the rubes poured into sterile Petri dishes 
and allowed to set. After incubatioin, colonies will 
be seen well distributed throughout the depth of 
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The medium and can be enumerated using colony 
counters, The pour plate method gives an estimate 
of the viable bacterial fount in a suspension and is 
the recommended method for quantitative urine 
cultures. 

In the sweep phte method, the edges of the 
Perri dishes containing the culture medium are 
rubbed over the fabric, with the medium hieing it. 
The dust particles stirred up from the doth settle 
on the culture medium, and colonics develop on 
incubation. They can be counted and estimates 
made. 

Liquid eulmnes in rubes, bottles or flasks may 

he in001 ialed by touching with a charged loop «r 

by adding the inoculum with pipettes or syringes. 
Large inoaila tars lie employed in liquid cultures 
and hence this method is adopted for blond culture 
and for sterility tests, where the concentration of 
bacteria in the i-ioeuk is expected to be small. Liquid 
cultures are preferable for macula containing 
antibiotics and other inhibitory'substances, as these 
are rendered ineffective by dilution in the medium. 
Liquid cultures are also preferred when large yields 
are desired, the yield being enhanced, by agitation, 
aeration, addition at nutrients and removal of toxic: 

metabolites fcontinuous culture methods). The 

mljot disadvantage of liquid culture is that it does 
not provide a pore culture from mixed irncula. 

A\ vi-.iremic V,vt XI UU Mb Tim ns 

Anaerobic batteri,1 differ in their requirement of 
and sensitivity to oxygen. Some, such as Cl. 
hisralyticunl) are aerotolerant and may produce 
some growth on the surface of aerobic plates, while 
others such as Q frtni. are strict anaerobes and 
form surface growth only if the oxygen tension is 
less than 2 ntnsHg, A number of methods Slave 
been described for achieving anaerobfosit, bv 
exclusion of oxygen or production of a vacuum, 
displacement of oxygen with other gases, absorption 
of oxygen by chemical Ot biological means, and 
reduction of oxygen. 

1. Cultivation in vacuum was attempted by 


incubating cultures in a vacuum desiccator, but 
the method is unsatisfactory as some oxygen is 
always left behind. Fluid cultures may boil over 
and the media may get detached from the plates 
in the vacuum produced-This method is nor in 
use now. 

2. Displacement of oxygen with gases such as 
hydrogen, nitrogen, helium or carbon dioxide 
is sometimes employed, but this method rarely 

produces complete anaciobiosis. A popular, but 
ineffective method is the candle jar, Here 
inoculated plates are placed inside a large 
airtight container and a lighted candle kept In 

it hetore the lid is sealed. The burning candle is 
expected to use up all the oxygen inside before 
it is extinguished, but some oxygen is always 
left behind. The Candle iar provides, a 
concentration of carbon dioxide which 
stimulates the growth of most bacteria. 

3. In the chemical or biolngicJ method, alkaline 
pyrogallol absorbs oxygen. This method, first 
introduced by Buchner (lft8S), has been 
employed with different modi fi cat ions for 
providing anaerobiosis. Pyrogallic add added 
to a solution of sodium hydroxide in a large test 
tube placed inside an airtight jar provides 
anacrohiosts but a small amount of carbon 

monoxide, which i s formed during the reaction, 
may be inhibitory to some bacteria.The method 
has been applied Co single Cube and plate cultures. 
The Spray anaerobic dish is a glass dish with 
its bottom partitioned into two halves, the top 
accommodating half of a Petri dis h carrying the 
medium. Pymgallic acid and sodium hydroxide 
arc placed in the separate halves at the bottom 
of the dish. The inoculated culture plate is 
inverted on the tup of the dish and is scaled 
Completely. The dish ll then rocked to mix the 
reagents, producing anaerobioais. The anaerobic 
dish is not in use now. 

A simple modification consists of a Petri dish, 
between the two halves of which is inserted a 
metal disc of slightly larger diameter, with a 
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hotel in the centre- The mmt disc (S- attached to 
the bottom half of the Pfetri Jkh with plasticine. 
Through the central hole a few pellets of sodium 
hydroxide and 10 ml of a 10% solution of 
pyra gallic acid ate added. The inoculated half 
of the Petri dish !h then inverted on the metal 
disc and sealed tightly, 

The method in Common use employ a disc 
of filter paper having the same diameter as a 
Petri dish. It is placed on top of one half of the 
dish and a mixture of pyrogallol and sodium 
carbonate, in dry powder form, is spread on it. 
The inoculated plate is inverted over the filter 
paper and settled tight with molten wax, The 
dry pyrogallol mixture is activated by the 
moisture within the closed system, and complete 
anaerohiosis develops within about two hours. 

Instead of alkaline pyrogallol, anaerobiosis 
has been produced within jars with a mixture 
of chromium and sulphuric acid (Rosenthal 
method) or with yellow phosphorous. 

Absorption of oxygen from small closed 
systems has been attempted by incubation along 
with aerobic bacteria,, germinating seeds nr 



Fig, 5,1 Mclntosh-FHdts jar 


chopped vegetables. Anenobtosls produced by 
such biological methods is slow and ineffective. 

The most reliable and widely used anaerobic 
method is the Melmosh-FildeJ atuaobic jar 
(Fig. 5 .1). It consists ol a stout glass or metal 
jar with a metal lid which can be damped air 
tight with a screw. The lid has two tubes with 
tap*, one acting as the gas inlet and the other as 
the outier. The lid also has two terminals 
which, can he connected to an electrical supply. 
Leading from the terminals and suspended by 
stout wires on the underside- of the lid is a small 
grooved porcelain spool around which is 
wrapped a layer of palladinised asbestos. 
Inoculated culture plates are placed inside the 
jar, with the medium in the bottom half of the 
plates, and the lid clamped tight, The outlet tube 
is connected to a vacuum pump and the air 
inside is evacuated. The nutlet tap is, then closed 
and the inlet tube connected to a hydrogen 
supply. After the jar is filled with hyilrogen, the 
electric terminals arc connected to a current 
supply so that the palladimscd asbestos is heated. 
This acts a* a catalyst fur the combination of 
hydrogen with die residual oxygen present in 
the jar. This method ensures complete 
anaerobiosis but carries the risk of explosion, 
which may rarely occur. This risk can be 
eliminated by modification of the catalyst. 
Alumina pellets coated with palladium in a 
gauze sachet suspended from the lid of the jar 
act us a catalyst at mom temperature, as long as 
the sachet is kept dry. 

The GcipcJr is now the method of choice 
for preparing .inaerobic jars. The Gaspik is 
Commercially available as a disposable envelope, 
containing chemicals which generate hydrogen 
and carbon dioxide on the addition of water. 
After the inoculated plates are kept in the jar* 
rhe Gupak envelope, with water added, is placed 
inside and the lid screwed fight, Hydrogen and 
carbon dioxide are liberated arid the presence 
of a cold catalyst in the envelope permits the 


Copyrighted material 









42 


i Textbook of Microbiology ► 


combination of hydrogen and oxygen to produce 
Kit anaerobic environment. The Gaspak ls 
simple and effective, eliminating the reed for 
drawing a vacuum and adding hydrogen. 

An indicator should be employed foj 
verifying the anaerobic condition in the jars. 
Reduced methylene blue is. generally used for 
this purpose. It remains colourless anaerobically 
heit turns blue on exposure to ootygen. 

4 Reduction of oxygen in the medium is achieved 
by the use of various reducing agents, including 

1% glucose, 0.1% thinglycolate, 0.1% ascorbic 

acid and 0,05% cysteine. Broth is an easily 
prepared anaerobic medium into which pieces 
of red hot metallic iron are introduced. It is 
then layered over with sterile vaseline- Broth 
containing fresh animal tissue, such as rabbit 
kidney, spleen, testes or heart (Smith-Noguchi 
medium), supports the growth uf many 
a nacnobes. 

Thinglycohte broth with heroin and vitamin K 
is an enriched liquid medium for culturing 
anaerobic and microaerophilic bacteria. 
Addition of a small quantity of agar enhances 
the anaerobic capacity of the medium by slowing 
the diffusion of oxygen in it. 

Robertsons cooked meat medium is probably 
the most widely used fluid medium for the culture 
of anaerobes. It consists of Fat-free minced cooked 
meat in broth, with a layer of sterile vaseline over 

it, It permits the growth of even strict anaerobes 
and indicates their saccharolytic or proteolytic 
activities, bi the meat being turned red Of black, 
respectively. 

For fastidious anaerobes, particularly for 
quantitative Cultures, pre-reduced media and an 
anaerobic chamber (’glove box') may be used. The 
anaerobic chamber is an airtight, glass-fronted 
cabinet filled with inert inti with an entry lock fin 
the introduction and removal of materials, and 
gloves for the hands. 


Methods m Isoi.ativg Pure 

< 11 LT L' R C- 

The following methods may be employed for 

isolating pure cultures of bacteria from miKtutts; 

1. Surface plating is the method routinely 
employed in clinical bacteriology and enables 
the isolation of distinct colonies which may he 
picked out, if necessary' for farther purification 
and study. 

2- Enrichment, selective and indicator media an: 
widely used for the isolation of pathogens from 
specimens such as feces, with varied flora. 

1 Pure cultures may be obtained by pretreatment 
Of specimens with appropriate bactericidal 
substances which destroy the unwanted bacteria. 
This method is the standard practice for the 
isolation of tubercle bacilli, from sputum and 
other clinical specimens, by treatment with 
alkali, acid or other Substances to which must 
commensals are susceptible but tubercle bacilli 
are resistant. 

4. Obligate aerobes and anaerobes may he 
separated by cultivation under aerobic or 
anaerobic conditions. Shake cultures in VeiUon 
tubes were in use formerly bin are now obsolete. 
This consists- of a glass tube open at both ends. 
One end is closed with a rubber stopper and 
molten glucose agar in which the inoculum is 
evenly dispersed is poured into the tube and 
allowed to set in a vertical position. The top of 
the tube is- closed with a cotton plug. On 
incubation, the bacteria jn the inoculum 
different late depending on their oxygen 
requirement- The obligate aerobes grow at the 
top and the anaerobes at the bottom, while the 
facultative bacteria grow throughout the 
column.The entire medium can be extruded no 
to i plate and the different colonics fished out- 

5, Separation of bacteria with different 
temperature optima can be effected by 
incubation at different temperatures. Only 
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t /i :-inil i i-ili 11 ic bacteria grow at 60 "C. A mixture 
coiuaming .’V. meningitidis and JV. c&tairhalis 
can be purified by incubation at 22 **C when 
only die latter grows. 

h. By heating a mixture containing vegetative and 
spore forming bacteria, at 80 |; C the former can 
be eliminated. This method is useful for the 
isolation of tetanus bacilli fmm dust and similar 
sources. 

7„ Separation of motile from nonmotile hactcria 
can be effected using Cnaigieis tube. Tins consists 
of a tube of scrrusolid agar, with a narrow tube 
open at both ends placed in the centre of tile 
medium in such a way that it projects above the 
Level of die medium. The mixture is inoculated 
into foe central tube. On incubation, die motile 


bacteria alone traverse the agar and appear at die 
top of foe medium outside foe central tube. 

A l 1 -tube also screes the same purpose, inoculation 
being performed in one limb and the subculture 
taken from foe other. This method can also be 
used to obtain phase variant!) in Salmonella species. 

8. Pathogenic bacteria may be isolated from 
mixtures by inoculation into appropriate animals. 
Anthrax bacilli can be distinguished from other 
aerobic sporukting bacilli by inoculation into 
mice or guinea pigs. Anthrax bacilli produce a 
fatal septicemia and may be cultured pure from 
the bean blood. 

y. Bacteria of differing sixes may be separated by 
the use of selective filters. Filters are widely used 
for separating viruses from bacteria. 


Further Heading 
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Identification of Bacteria 




Once a. bacterium has been obtained in pure culture, 
it has to be identified. The fallowing characteristic;; 
have m he studied in the process. 

Morphology 

The morphology of the bacterium depends on a 
number of factors such as the strain studied, nature 
of the culture medium, temperature and time of 
incubation, age of the culture and the number of 
subcultures it has undergone. The characteristics 
noted are shape,siite,arrangement, motility, flagella, 
spores and capsules. All these cannot he made out 
in a single medium. The shape may he spherical, 
filamentous, rod shaped, comma shaped or spiral. 
The iK]s ot the organism map be straight or curved. 
The length and breadth may wary. The sides of the 
organism may be parallel, convex, concave or 
irregular. The ends may he cut straight, rounded or 
tapering- Considerable variations in shape and size 
leading to club, navicular and swollen or shadow 
or giant forms may be seen. They may be arranged 
singly, in pairs, ill tetrads nr in packets of eight, dr 
in chains, short nr Umg, in the ease of cocci; bacilli 
may be arranged ac random, in short or long chains, 
in Chinese letter patterns, an palisades or in bundles; 
vibrios may he single or in S or spiral forms. They 
may be nonmotile, sluggishly motile, actively motile 
or may exhibit darting motility. They may be 
without flagella, that is atrichatc,or monotrichatc, 
lophutrichale, amp hi trie hate or peritrichate. The 
spores, when present may he oval or spherical or 
ellipsoidal and may be of the same width or wider 
than that of the batitlaiy body. The spores may be 
equatorial, suhtermiral or terminal. Capsules may 


or may not he present. Hanging drop preparations, 
dark ground illumination, phase contrast or electron 
microscopy, alt help in these studies. 

Staining Reactions 

The age of the culture is important. In older 
cultures,, staining characteristics eirher vary or are 
not brought out well. Simple stains bring out the 
morphology best- Differential and special stains are 
accessary to bring out characteristics like flagella, 
capsules, spores arid metachrcumtie granules. The 
Gram stain divides bacteria into Gram positive and 
Gram negative; the Zichl-Neelseti stain into aeid 
last and non-acid fast. The fluorescent antibody 
technique enables one to identify them according 
to their surface antigens. 

The Study ot morphology and staining 
characteristics helps in preliminary identification 
of the isolate. 

Cultural Chakactrristics 

These provide additional information for the 
identification of the bacterium. The characteristics 
revealed in different types ot media arc noted. While 
studying colonies on solid media, the following 
features arc noted; 

1, shape—circular, irregular, or rhizoid; 

2, sine in millimetres; 

3, elevation—effuse, elevated, convex, concave, 
umhonatc or umbilicafe; 

4, margins—bevelled or otherwise; 

5, surface—smooth, wavy, rough, granular, 
papillate or glistening; 
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ft. edges—Entire, undulate, crenaied, fimbriate or 
curied; 

7, colour, 

8, structure—opaque translucent or transparent; 

9, consistency—membranous, triable, butynuus or 
viscid; 

t(). emuUiliability; and 

1Lwhether they arc differentiated into a central 
and a periphery] portion. 

In a stroke culture, note 

1. the degree of growth—scanty; moderate* or 
pfLsIuse; 

2- their nature—discrete or confluent, filiform, 
spreading or rhizoid; 

3. their elevation, surface, edges, colour, Structure, 
odour* cmulsifiability. consistency and changes 
in the medium. 

In il fluid medium, the degree of growth, 
presence of turbidity and its nature, presence of 
depjsir and its character, nature of surface growth 
such as pellicle and its quality and ease of 
disintegration, and odour are noted. 

R RHfsTAxfCfc 

Hu- resistance of the organism to heat and to 
disinfectants is rested, both for vegetative and spore 
forms. The resistance of S. faecalis heat at 60 °C 
for half an hour and of clostridial spores to boiling 
for various periods are examples. Resistance to 
antibiotic and chemotherapeutic agents and 
bucteriociris would also help in differentiation and 
Identification. 

M tTAHOl.l KM 

The requirements of oxygen, the need for catbon 
dioxide, the capacity to form pigments, and the 
production of hemolvsis help in classification. 

Fi.kMK.MAinw and Other 
Biochemical PRlt^HfcTIBS 

The more important and widely used tests are 
described below: 

lx Sugar fcrmcFifflbitfi; This is tested in sugar 


media. Acid production is shown by charge in the 
colour of the medium to pink or red, and the gas 
produced collects in Durham’s tuhe- 

2. Litmus milk: There may be no change in 
the medium, or acid or alkali may be produced; 
clotting of milk, jieptcHusiitiun nr sujHJOifiClTion may 
occur. The clot may be disrupted by the gas 
produced (stormy fermentation). 

3. indole production; This is tested in a 
pep rone water culture after 48 or 9ft hours 
incubation at 37 “G, This test demonstrates the 
production of indole from tryptophane. Add 
0.5 ml Kovac’s reagent and shake gently. Red colour 
indicates a positive reaction. Kuvucs reagent 
consists of 

ParadimethylammobenzalLjehyde 10 g 

Amyl or isoamyl alcohol 150 ml 

Concentrated HC1 50 ml 

This is prepared in small quantities and stored 
in the refrigerator. 

4. Methy l red test (MR): This test is 
employed to defect the production of acid during 
the fermentation of glucose and the maintenance 
of a pH below 4.5 in an old culture. Five drops of 
O.Q4<S4i solution of methyl red arc added to the 
culture in glucose phosphate medium which had 
been incubated at 30 D C for five days, mixed well 
and read at once. Red colour is positive while yellow 
signifies a negative test. 

5. Voges-Proiikniter test (VP): This test 
depends on the production of acetyl 
merhylcarbinol from pyruvic acid, as an 
intermediate stage in its conversion to 2:3 butylene 
glycol. In the presence of alkali and atmospheric 
oxygen, the small amount of acetyl methyl carbinul 
present in the medium is oxidised to diacetyl which 
reacts with the peptone of the broth to give a red 
colour. 

ITie test is performed by adding 0.6 till of a 5% 
solution of re-naphthol in ethanol and 0,2 ml of 
40% KOI I to one ml of a glucose phosphate 
medium culture of the organism incubated at 30 "C 
fur five days of 37 "G fur 48 llOUftc 1(1 a positive 
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reaction, a pink colour uppers in 2-5 minutes, 
deepening fn magenta or crimson in halt an hour. 
In a negative reaction, it remains colourless for half 
an hour.. Traces of pink colouration should he 
ignored. 

6. Citrate utilisation: Koscr's citrate medium 
has citrate as the sole source of carbon, Ability to 
use this Substance is indicated by the production of 
turbidity in the medium. 

Indole, MR, VP and citrate teats, are very useful 
in the identification and classification of enteric 
Cram negative bacteria.These tests are commonly 
referred to by the sigla 'iMVlC tests. 

7. Nitrate reduction: This is tested after 
growing the bacterium for five days at 37 °C in a 
broth containing 1% KNO r The test reagent 

consists of a mixture of equal volumes of solutions 

of sulphanihc acid and a-naphtbylaminc in 57 No. 
acetic add mixed just before use. 0.1 ml of the test 
reagent is added to the culture. A red colour 
developing within a few minutes signifies a 
positive reaction, while absence of colour indicates 
a negative reaction. This is a test for the presence 
of the enzyme nitrate reductase which reduces 
nitrate to nitritc. 

8. Production of ammonia- To a peptone 
water culture grown for five days at 37 *C T Messier's 
reagent is added. Brown colour is positive and faint 
yellow colour negative. 

Urease test: This test is done in 
Christensens unease medium. Inoculate the slope 
heavily and incubate at 37 ,J C, Examine after four 
hours and alter overnight incubation. The test 
should not be considered negative till after four 
days of incubation. Urease positive cultures produce 
a purple pink Colour. Urease producing bacteria 
reduce urea to ammonia which is responsible for 
the colour. 

Ifl. Hydrogen sulphide production: Some 
organisms decompose sulphur-containing 
aminnacids producing H .5 among the products. 
When cultured in media containing lead acetate, 
they turn them black or brown. Instead of lead 


acetate, ferric ammonium derate or ferrous acetate 
can be used. The organisms can he grown in 
culture tubes. Between the cotton plug and the 
tube insert a filter paper strip soaked in 10% lead 
ace tate solution and dried. Browning of the paper 
indicates H,S production, 

11. Methylene blue reduction: One drop 
of 1% aqueous methylene blue is added to the 
broth culture, and incubated at 37 "C. Complete 
decolourisatiun is strongly positive, while green 
colour is weakly positive. 

12. Catalase production: Place a loopful 
«A on colonies on nutrient agar. Prompt 
effervescence indicates catalase production. 
Culture media containing blood arc unsuitable for 
the tear as blood contains catalase. 

13. Oxidase reaction: This reaction is due 
to a cytochrome oxidase which catalyses oxidation 
of reduced cytochrome by oxygen. A 1,0-1.5% 
solurion of tetramethyl p-phenylene diamine 
hydrochloride is poured over the colonies. Oxidase 
positive colonics become maroon, purple and black 
in 1Gh30 minutes. The test can alsu lie done by 
Kovac's method. A strip of filter paper, soaked in 
the oxidase reagent is placed in a fotri dish and the 
colony to be tested is smeared on the paper in a 
line about 5 mm long. In a reaction the smeared 
area turns dark in 10 seconds, The solution should 
be freshly prepared. 

14. Bgg ynlk reaction: Organisms producing 
lecithina.se {for example, CL periringem) when 
grown on a solid egg yolk medium, form colonies 
Surrounded by a zone of clearing. 

15. Growth in presence of KCN: Buffered 
Liquid medium containing KCN in a final 
concentration of about 1/13,000 is used to identify 
some KCN tolerant enteric bacilli. 

16. Composite media are being used 
increasingly fur the identification of isolates. These 
ace convenient and economical, as a single composite 
medium indicates different properties of the 
bacterium which otherwise would have required 
the use of many separate media. A popular 
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composite medium is the Triple Sugar Iron (TS1) 
medium which indicates whether a bacterium 
ferments glucose only, or lactose and sucrose: ill he:', 
with or without gas formation, besides indicating 
HjS production as well, The medium is 
distributed in tubes, with a butt and slant. After 
inoculation, il the slant remains red and the butt 
becomes yellow, all the Sugars - glucose, lactose 
and sucrose - arc fermented. Bubbles in the butt 
indicate gas production and blackening of the 
medium shows formation of H.,5. The TSI 
medium facilitates preliminary identification of 
Gram negative bacilli. 

Other tests such as fermentation of organic acids, 
oxidation of gluconate, ammoacid drcarlm-wlaNon, 
and hydrolysis, of sodium hippunite are sometimes 
employed. With increasing knowledge oi the 
metabolic processes in the growth of various 
bacteria, the number of tests too is on the increase, 
Special manuals have to be coEisulted for the details 
and utility of these tests. 

Antigenic Structure: Ry using specific sera 
we can identify organisms, by agglutination or other 
suitable serological reactions. Immunofluorescence 
test is use fill in some cases. 


Haderinphage and bacteriocin typing: 
These enable intraspecies typing of some bacteria. 
Pathogenicity: Pathogenicity tests by 
inoculation of the test organism into laboratory 
animals like rhe guinea pig, rabbit, rat and mouse 
by intradermal, subcutaneous, intramuscular, 
intrapentoneal, intracerebral or intravenous, or by 
oral of nasal s-pfay were common. procedures for 
identification of isolates in the past. They arc rarely 
used now because simpler in vitro tests are available. 

Rapid Identification Methods 

White classical phenotypic characterisation of isolates 
takes days, automated methods are now available 
which only take hEJiirs. Identification is simplified 
by the detection of specific enzymes, tojdns, antigens 
or metabobe end products of the isolates. For 
example, many obligate anaerobes can be identified 
rapidly by gas liquid chromatography of tile short 
chain tatty acids produced by them during glucose 
fermentation. Molecular methods such as polymerase 
chain resrtinn and other amplification procedures 
coupled with nucleic acid probes carrying specific 
DNA or RNA base sequences arc now widely used 
for identifying microbes. 
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Bacterial Taxonomy 


Bacterid taxonomy or systematica comprise; three 
components: 

1. Classification, or the orderly arrangement of 
on its- A group of unit?; is- called a fiuron (pi. taxa), 
irrespective of its hierarchic level. 

2 - Identi ficafion of an unknown wirh a defined and 
named unit, and 

3, Nomenclature or the naming of units., 

For purposes of classification, it is necessary ro 
determine as many characteristics of bacteria as 
possible. Such characteristics may be weighted, 
greater importance being given to some than [o 
others, or they may he assigned equal importance, 
depending on the method of classification. On the 
contrary, for purposes of identifying bacterial 
isolates, it is important ro devise a key using the 
minimum number of important characteristics 
which can be easily tested. 

Bacterial classification: The first attempts 
at bacterial classi float ion (Mueller 178b; 
Ehrcnberg 1838) were made when Little was known 
about bacteria. Haeckel [1866) classified all 
unicellular organisms as Protista. Cohn [1872-75) 
made a morphological classification, integrating 
bacteria with the bluc-grccn algae in the class 
Sehrzophyta, A detailed system of classification was 
proposed by Migula (1894) As more information 
became available on the physiological and 
biochemical properties of bacteria, these were 
employed in proposing new systems of bacterial 
classification by Knight (1936), Kluyver and van 
Niel [1936) and others, 

Bacterial classification presents special pnohlcmS- 
Linnaeus (1735) divided all living beings into two 


kingdoms, plant and animal. Bacteria had been 
placed in the plant kingdom and designated as 
Schizomycetes (fission fungi), But as bacteria 
present features common to both plants and animals, 
it has been proposed that a new kingdom, Morcra, 
be created to accommodate all microorganisms 
without true nuclei, plastids and sexual 
reproduction (Stanicr and van Niel 1941). This 
proposal has nor met with universal acceptance, 
Kingdoms are divided successively into division, 
class, order, family, tribe, genus and species. For 
example, the full taxonomical position of the 
typhoid bacillus is as follows: 


Division 

Ptotophyt* 

Gfet# 

Schizomycetes 

Order 

Eubaetcrfcles 

Family 

En tenihuctenaLcae 

Tribe 

S&lmcmeilae 

f icntiS 

Sulmondla 

Species 

SoJmoneiia typhi 


The species concept in bacteria; Species 

is the standard taxonomical unit in biology: With 
higher forms of life, a species unit constitutes a 
stage tft evolution, with a characteristic morphology; 
and is delimited by the failure of interbreeding 
outside the unit- But in bacteria, lilt species concept 
is vague and ill defined. IXie to the absence of fnssil 
remains in bacteria, the evolutionary' status of 
species cannot be established. Morphological 
differences are insufficient for die definition of 
bacterial Species. The general absence ul sexual 
reproduction in bacteria prevents rhe use of 
inbreeding as a test lor differentiation between 
species. 
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Lit split of these difficulties, the concept of 
species provides a convenient unit in bacterial 
taxonomy. Besides morphological features, criteria 
useful for the definition of bacterial species are 
physiological, biochemical, antigenic and 
pathogenic properties. As ‘species* is a genetic 
concept, definitive information can be obtained by 
comparison of the nucleotide base ratios, which 
arc constant far ary ore species but maybe different 
in different species. Genetic homology can be 
demonstrated by DNA hybridization between 
different individuals of the same species. 
Comparison of rRNA sequences helps to arrange 
bacterid species into a phylogenetic tree. IbSrRNA 
sequencing has emerged as useful tool for 
identifying many new unculturable pathogens (e,g, 
Bartonella henselae). 

An important difference between the 
classification of bacteria and that of higher 
organisms is that in the former, the properties of a 
population arc studied, and not of an individual. A 
population derived by binary fission from a single 
cell is called a clone. A single bacterial colony 
represents a clone. Though all the cdls in a clone 
arc expected to be identical in all respects, a few of 
them may show differences due to mutation. A 
population of bacteria derived front a particular 
source, such as a patient, is called a strain. 

The general absence of sexual reproduction in 
bacteria serves to maintain their character constant. 
But bacteria possess several features that contribute 
to some degree of heterogeneity in their populations. 
Their short generation rime and high rate of mutation 
lead to the presence, in any population, of cells with 
altered characters, Methods of genetic exchange such 
as transformation, transduction and conjugation cause 
d iflcrerices in character. Prophage and plasmid DNA 
can induce new properties. 

Phybigunclic classification: There ate two 
approaches to bacterial classification. The 
hierarchical classification represents a branching 
tree like arrangement, one characteristic being 
employed for division at each branch or level. Tins 


system is called phylogenetic because it implies an 
evolutionary arrangement of species. Here some 
characteristics are arbitrarily giver special 
weightage. Depending on the characteristic so 
chosen, the classification would give different 
patterns. For example, the intestinal Gram negative 
bacilli have been traditionally classified depending 
on whether they ferment lactose or not. While this 
provides a useful distinction between the pathogenic 
and non pathogenic groups of these bacilli, a 
different hut useful classification could be obtained 
using fermentation of sucrose as the criterion. 
While classification based on weighted 
characteristic is a convenient method, it has the 
serious drawback that the characters used may not 
be valid. Fermentation of lactose, in the example 
cited, is not an essential and permanent 
cliaracteristic. It may be acquired or lost, upsetting 
the system of arrange merit. 

Adfltisonifin classification: The Adansonian 
classification, so called after Michael Adffltan who 
introduced it in the eightenth century, avoids the 
use of weighted characteristics. It makes no 
phylogenetic assumption bur merely takes into 
account all the characteristics expressed at the time 
of study. Hence it is called a phcnctic system, It 
gives equal weight to all measurable features, and 
groups organisms on the basis of similarities of 
several characteristic*. The availability of computers 
has extended the scope ot pheneric classification 
by permitting comparisons of very large numbers 
of properties of several organisms at the same rime. 

This is known a* mimeWcaJ taxonomy. 

Molecular ur genetic classification: This 
is based on the degree of genetic rclatedness of 
different organisms, Since all properties arc 
ultimately based on the genes present, this 
classification is said to be the most natural or 
fundamental method. DNA relatedncss can he 
tested by studying the nucleotide sequences of DNA 
and by DNA hybridisation or recombination methods. 
The nucleotide base composition and base ratio 
(Adenine—ThyminriGuanine—Cytosine ratio) varies 
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widely among different groups of microorganisms, 
though it is constant for members of the same 
Species. Molecular classification has been employed 
more with viruses than with bacteria. 

No method of bacterial classification is 
universally accepted, The method most widely 
adopted is presented in successive editions of 
Bctgcy's Manual of Determinative Bacterifdogy'. 
Infraspecies classification: For diagnostic 
or epidemiological purposes it is often necessary to 
Hibdusify bacterial species, r fhis may be hased nr 
biochemical properties (biotypes), antigenic features 
(serocypcsh bacteriophage susceptibility {phage types) 
or production ofbacteriocins (colicln types), A species- 
may be divided hist into groups and then into types, 
as for example* in streptococci. 

Much greater discri mi nation in intraspecies 
typing has been achieved by the application of 
newer techniques from immunology* biochemistry 
and genetics. Investigations of epidemiology and 
pathogenesis using these techniques have been 
collectively referred to as nmleculzt epidemiology. 
The methods used are of two types: phenotypic 
(study of expressed characteristics) and genotypic 
(direct analysis of genes, chromosomal and 
octrachromoeomal DMA), Molecular phenotypic 
methods include electrophoretic typing of bacterial 
proteins and immunoblorting. Genotypic methods 
include plasmid profile analysis, restriction 
endonuclease analysis of chromosomal DNA with 
Southern blotting, PCR and nucleotide sequence 
analysis. Some of these techniques are considered 
in the chapter Bmteridl Gaieties, 

Nombnclature 

The need for applying generally accepted names 


for bacterial species is self-evident. Chaos will result 
if the same bacterium is referred toby different names 
by different workers. Intcmario-Tial agreement on 
bacterial nomenclature is ensured by the Code of 
Nomenclature which has the authority of the 
International Association ofMictdhioIngicid Societies. 

Two kinds of names arc given to bacteria. The 
first is die casual or common name which varies from 
country to country and is in the local language. Names 
such as “typhoid bacillus' and “gonococcus' ate casual 
names. Such names are useful for communication at 
the local level. The second is the scientific or 
jiiTemaiional name which is the same throughout the 
world. The scientific name consists usually of two 
words, the first being the name of the genus and the 
second the specific epithet (for example Bacillus 
suhfjirs). The generic name is usually a Latin noun. 
The specific epithet is an adjective or- noun and 
indicates some property of the species (for example 
a/hus, meaning white), the animal in which It ls 
found (for example suis, means pig), the disease it 
causes (feraui, of tetanus), the person who 
discovered it (we/chn* after Welch) or the place of 
its isolation (JonJon), The generic name always 
begins with a capital letter and the specific epithet 
with a small letter* even if it refere to a person or 
place (for example Salmonella londoti). 

Type Cultures 

As a point of reference, type cultures of bacteria are 
maintained in international reference LiboratorieSrThe 
type cultures contain representatives cd all established 
species. Th-c original cultures of any new species 
described arc deposited in type collections-They arc 
made available by the reference laboratories to other 
workers for study and comparison. 
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Genetics, a name coined by the British biologist 
William Bateson in 1906, is the study of heredity 
and variation, seeking to understand the causes of 
the resemblances and differences between parents 
and their progeny Like other organisms, bacteria 
also breed true and maintain their characteristic!; 
from generation to generation, yet at the same time, 
exhibit variations in particular properties in a small 
proportion of their progeny. Though heritabiliry 
and variation in bacteria had been noticed from 
the early days of bacteriology, it was not realised 
then chat bacteria too obey the laws of genetics. 



Fig. 9.1 DMA double helix 


Even the existence of a bacterial nucleus was a 
subject of controversy- The differences in 
morphology and other properties were attributed 
by Nagcli 0877} to bacteria] pleomoiphism, which 
postulated the existence of a single, or perhaps a 
few species of bacteria, which possessed a protean 
capacity for variation, With the development and 
application of precise methods of pure culture, it 
became apparent that different types of bacteria 
retained constant form and function through 
successive generations. This led to the concept of 
monomorphism, proposed by Cohn and Koch, 
which, admitted of tittle potential for variation and 
separated bacteria into species based upon single 
character differences,. 

It was. only since ihe 194tk that principles of 
genet!CH wi re applied CO bacteria and their viruses. 

I‘his has led not merely to a better understanding 
of the genetic processes but also to fundamental 
advances in biology and biochemistry and to the 
hirrh of a new branch of science, molecular biology. 

Basic Principles of Molecular 
Biology 

The ‘centtid dogma' of molecular biology is that 
deoxyribonucleic acid (DNA) carries genetic 
information, which i> transcribed onto ribonucleic 
acid i KN \ ■ and then translated as the particular 
polypeptide :'DNA ► RNA —¥ polypeptide). As 
the nature and functions of a cell are basically 
determined by the specific polypeptides that 
constitute il- proteins and enzymes, it is evident 
that the essential material of heredity is DNA 
which is the storehouse of all information for 
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protein synthesis. (An exception exists in the case 
of some viruses in which the genetic material is 
RNA instead of DNA.) 

The DNA molecule is composed of two chains 
of nudeotidcs wound logerber in the form of a 
'double helix’ (fig, 8,1), Each chain has a backbone 
of deoxyribose and phosphate residues arranged 
alternately. Attached to each deuxyribuse is one of 
four nitrogenous bases, the purines, adcnanc (A) 
and guamne (G). and [he pyrimidines. thymine (T) 
and cytosine (C), The doubLc-ftranded nature of 
the molecule is stabilised by hydrogen bonding 
between the bases on the opposite straods in such 
a manner that adenine is always linked to thymine, 
and guanine tn cyttjsine (Fig. S.2). 

Adenine and thymine thus form a 
complementary base pair, and guanine and cytosine 
form another. A molecule of DNA will, therefore, 
contain as many units of adenine as thymine, and 
of guanine as cytosine but cite ratio uJ each pair <>t 
bases (A + T) /(G + C)„ rhough constant for each 
species, varies widely from one bacterial species to 
another The DNA molecule replicates by first 


unwinding at one end to form a fork, each strand 
of the fork acting as a template for the synthesis of 
a complementary strand, with which it then forms 
a double helix. 

Basically, RNA is structurally similar to DNA, 
except for two major differences. It contains the 
sugar ribose (instead of deoxyribose which is 
present in DNA) and the base uracil (instead of 
thymine which is present in DNA), Three distinct 
types of RNA can be distinguished on the basis of 
structure and function: messenger RNA (mRNA), 
ribosomal RNA (rRNA) and transfer RNA 

(tRNA). DNA acts as the template for the synthesis 
of mRNA and, therefore, the bases in the two will 
he complementary to each other. Adenine, guanine, 
cytosine and uracil in mRNA will be 
complementary to thymine, cytosine, guanine and 
adenine, respectively, in the DNA- 

Genetic information is stored in the DNA as a 
code, the unit of [he Ccrde Consisting of a sequence 
of three bases, that is, the cnxlc is triplet. Each triplet 
(codon) transcribed on mRNA specifies for a single 
aminoacid hut the code is Regenerate' so that more 
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than one radf» may exist for the same aminuacid. 
Thus, the triplet AG A codes for arginine hut the 

triplets AGO, CGU, CGC CGA and CGG also 
code for the same aminoacid. The code is non- 
overkpping, each Triplet being a distinct entity, and 
no base in one codon is employed as part of the 
■message ol an adjacent codon. Three codons (UAA, 
UAG and UGA) do not cotie for any aminoacid 
and arc called 'nonsense codons'. They act as 
punctuation marks (stop codons) terminating the 
message for the synthesis of a polypeptide. 

A segment of DNA carrying codons specifying 
for a particular polypeptide is called a gerre. A DNA 
molecule consists of a large number of genes, each 
of which contains hundreds of thousands of 
nucleotides. The bacterial chromosome consists of 
a double- stranded molecule of DM A arranged in a 
circular form. When straightened. It is about 1,000 
\lm in length. The length of DNA is usually 
expressed as kilobases (I kb » 1,000 base pairs). 

Bacterial DNA is about 4,000 kb and the human 
genome about 3 million kb long. 

In higher forms of life, several stretches of DNA 
that do not appear rn function as codons occur 
between the coding sequences of genes. These 
apparently useless noncoding intrusions are called 
i'nfnons, while the stretches of coded genes ire 
called exons. During transcription, the genome is 
copied in its entirety, both intrors and exons. The 
introns arc then excised from the RNA copy before 
being translated by the ribosomes into proteins. 

EXTh.vcHttoMO&ONAi GENETIC 

hl.FMKXTS 

In addition to chromosomal DNA, most bacteria 
possess exCTichromoSoma] genetic elements. These 
are rot essential for the normal life and functioning 
of the host bacterium but may confer on it 
properties such as drug resistance and toxigenicity 
leading ro survival advantage under appropriate 
conditions. P/aSjfotf? are circular DNA molecules 
present in the cytoplasm of bacteria, capable of 
autonomous replication [independent rcpticons). By 


their ability to transfer genes irom one cell to 
another, plasmids have become important vectors 
in genetic engineering. Plasmids may also be seen 
in yeasts, which are eukaryotes. Plasmid DNA 
sometimes may be integrated with chromosomal 
DNA. The name episnme was employed for such 
integrated Terms, though this distinction ls not 
usually made now. 

Plasmids have been classified in many ways, 
depending on whether they are self-transmissible 
or non transmissible (nonconji ligating), on the 
property encoded (sex, drug resistance, etc.), by 
restriction endonuclease fingerprinting or other 
criteria. An important method of plasmid 
classification is by !ncompj.tibilit\ r Typing. Closely 
related plasmids do not coexist stably in the same 
bacterial cell, while unrelated plasmids can. On this 
basis, plasmids have been classified into different 
incompatibility groups- They have also been 
clashiiied based on the types of conjugation tube 
induced, which determine the susceptibility of the 
host bacterium to lysis by some virulent 
bacteriophages. 

Genotypic and Phenotypic: 
Variations 

Tlie sum total of the genes that make up the genetic 
apparatus of a cell (genome) establishes its genotype, 
which is the hereditary constitution of the cell that 
is transmitted to ies progeny. The genotype includes 
the complete genetic potential of the cell, all of 
which may or may not be expressed in a given 
environmental situation. 

The plieootype (pblOU meaning display) is the 
physical expression of the genotype in a given 
environment. It follows, therefore, that a cell may 
exhibit different phenotypic appearances in different 
situations: for example* the typhoid bacillus is 
normally flagellated but when grown in phenol agar, 
the flagella are not synthesised. This is only a 
phenotypic variation determined by the environment 
and is reversed when subculfured from phenol agar 
into broth. Another example of environmental 
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influence is the synthesis by E. coli of tht enzyme 
beta' ga.lactp s i d a s e, recessirV for la C tOSC 
fermentation. 'Ilic bacillus possesses the genetic 
infurmacion for the synthesis of the enzyme Hut 
the actual synthesis takes pi act 1 only when it is 
grown in a medium containing lactose, When 
grown in a medium containing glucose only* the 
enzyme a not synthesised. Such enzymes which 
are synthesised only when induced by tire suhstrare 
are called induced enzymes* as opposed to 
constitutive enzymes, which are synthesised 
irrespective of the presence or absence of the 
suhstrate. 

Phenotypic variations are influenced bv the 
environment. Limited in range by the genotype, 
temporary and not heritable. Variations are said to 
be genotypic when they arc due to alterations in 
the genome. Genotypic variations arc stable, 
heritable and nor influenced by the ertvirunineflT. 
They may occur by mutation or by one of the 
mechanisms of genetic transfer or exchange, such 
as transformation, transduction, lysogenic 
conversion and conjugation, 

M t ' T A T m \ 

Mutation is a random. undirected, I ten cable variation 
caused by an alteration In the nucleotide sequence 
at home point of the DMA of the cell. It may be 
due to addition, deletion nr substitution nf one or 
more bases (point mutation). Multiple mutations 
cause extensive chromosomal rearrangements. A 
raisTOc inuixiion :a one m which the triplet code 
is altered ho as to specify an imitlOflcid different 
from that normally located at a particular position 
in the protein- lAcletion of a nucleotide within a 
gene may cause premature polypeptide chain 
termination by generating a nonsense codon, i-t r 
nonsense mutation. Fritr livers! cut is substitution <:r 
a purine tor a pvmmidinc anti vice versa irk bane 
pairing- Suppressor mt Jfarion is reversal of a mutant 
phenotype by another mutation at a position oil 
the DN A distinct from that of the original mutation. 
All genes ate susceptible to mutational events but 


□of all mutations are expressed. Some mutations 
Involve vital functions, and such mutants are 
non viable (ferfuJ moran on). A type of lethal 
mutation which is of great interest is 'conditional 
mutation. A conditional tethat mutant may be able 
to live under certain conditions (permissive 
conditions). The commonest type of conditional 
mutant is the temperature sensitive (u) mutant, 
which Is able to live at the permissive temperature 
(say 35 °C), but not at the restrictive temperature 
(say 39 l, Ch 

Each gene undergoes mutation with a fixed, 
frequency. Mutation rates ot individual genes in 
bacteria range from 10^ to 10" 1M per bacterium per 
division. The molecular mechanism of mutation is 
that during DNA replication, some 'errori creeps 
tn while the progeny strands are copied. For 
instance, instead of thymine bond ing with adenine, 
it may due to tautomerism, sometimes bond with 
guanine. Though mutation occurs spontaneously, 
its frequency can be increased by several agents 
(mu/agem*) such as UV rays, alkylating agents, 
acridine dyes, S-brnmnunaeit and 2*aminopurine. 

Mutation is a natural event, taking place all the 
time at its particular frequency in ail the dividing 
forms of life. Most mutants, however, go 
unrecognised as the mutation may be lethal nr may 
affect some minor function that may not be 
expressed. Mutation is best appreciated when It 
involves a function which can be readily observed. 
For example, an E. coli mutant that loses its ability 
to ferment lactose can be readily detected on 
MacCortkey agar but is unrecognisable on nutrient 
agar. Mutation is of vital importance when it 
confers a survival advantage. It a streptomycin 
resistant mutant of the tubercle bacillus develops 
in a patient under treatment with the drug, it 
multiplies selectively and ultimately replaces the 
original drug sensitive population of bacteria. But 
irs a patient who is not nn treatment, the mutation 
confers no survival advantage and, therefore, 
preferential multiplication of the mutant docs not 
occur. Such changes in the character of bacterial 
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populations, observed in the presence of a selective 
environment, were formerly considered to he 
'adaptations', By a post hoc, ergo propter hoc 
reasoning, the environment and the variation were 
believed to have a cause-and.-effect relationship, 
Such induced variations were considered heritable 
in the Lamarckian sense. If was the demolition of 
this concept of adaptation in the 1940s that 
established bacterial [genetics on a firm scientific 
basis. 

The proof that bacteria undergo spontaneous 
mutation independent of the environment was first 
provided hv Luria and Dc Lb nick (1943) bv the 
'fluctuation test'. They found that ycry wide 
fluctuations Occurred in the numbers of 
bacteriophage resistant E. cali colonies when 
samples were plated from several separate smalt 
volume cultures, as compared to samples tested from 
a single large volume culture. Statistically, this 
indicated that mutations occurred randomly in the 

r 

separate small volume cultures, some early and some 
late, resulting in the wide fluctuation. In the large 
volume cultures, fluctuations were within limits of 
sampling error. However, the logic of this 
experiment was not widely appreciated by 
microbiologists, probably due to the complicated 
statistical interpretation. It was the simple but 
elegant'replica-plating technique of Ledcrberg and 
1-ederberg (19.52) that proved the print beyond divuht. 
Using a velvet template, they were able to transfer 
iuocuta from colonies on a master plate, onto a number 
of other plates, retaining the relative positions of the 
colonies in all the plates. By such replica-plating on 
culture plutes with and without bacteriophages, [hey 
were able to show that bacteriophage resistant mutants 
appeared without the bacteria ever having had contact 
with a selective agent, 

Mutation may affect any gene and hence may 
modify anv characteristic of the bacterium. Mutants 
may vary in properties such as nutritional 
requirements, biochemical reaction, antigenic 
structure, morphological features, colony form, drug 
susceptibility', virulence and host range. The 


practical importance of bacterial mutation lies 
mainly in the field of drug resistance and the 
development of live vaccines. 

Transmission of Genetic 
Material (Gene Transfer) 

Transformation:. Transformation is the transfer 
of generic information through the agency of free 
DNA. It was the first example ml" yenetic exchange 
in bacteria to have been discovered, Griffith in 1928 
found that mice died when injected with a mixture 
of live noncapsulated (R) pneumococci and heat 
killed capsulated (8) pneumococci, neither of 
which separately proved fatal. It in the experiment, 
the live (R) pneumococci were derived from 
capsular type II and the killed (8) strain From type 
HI, from blood cultures of the mice that had died, 
live type III capsulated pneumococcus could be 
isolated, showing that some factor in the heat killed 
type III pneumococcus had transferred the 
information for capsule synthesis to the live rough 
strain. Such transformation was subsequently 
demonstrated in vitro also. The nature of the 
transforming principle was identified as DNA by 
Avery, Macleod and McCarty in 1944. 
Transduction: The transfer of a portion of the 
DNA from one bacterium to another by. a 
bacteriophage is known as transduction. 
Bacteriophages are xn ruses that parasitise bacteria 
and consist of a nucleic acid core and a protein 
coat, During the assembly of bacteriophage progeny 
inside infected bacteria, 'packaging errors' may occur 
occasionally. A phage particle may have at its core, 
beside;, its own TlUClttC add. 4L segment of the lios* 
DMA. When this particle infects another bacterium, 
DNA transfer is effected and the recipient cell 
acquires new characteristics coded by the donor 
DNA. Transduction may be generalised', when if 
involves any segment of the donor DNA at random, 
or it may be 'restricted', when a specific 
bacteriophage transduces only a particular genetic 
trait. Restricted transduction has been studied 
intensively in the lambda' phage of E. call. The 
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prophage lambda in inserted in the bacterial 
chromosome only between the genes determining 
galactose utilisation (ga/) 1 and biotin synthesis (hjo) 
and therefore it transduces: onlv either of these. 

Transduction is not confined ro transfer of 
chromosomal DNA, Episomcs and. plasmid* may 
also be transduced. The plasmids determining 
penicillin resistance in staphylococci arc transferred 
from cell to cell hv transduction. 

Transduction appears to be the most widespread 
mechanism of gene transfer among prokaryotes and 
provides an excellent tool tar the genetic mapping 
of bacteria. Any group of bacteria for which 
bacteriophages exist can be subject to transduction. 
It has been reported that transduction may 
occasionally be effected In eukaryotic cells also. 
Transduction has been proposed as a method of 
genetic engineering in the treatment of some inborn 
errors of metabolism. 

Lysogenic conversion: Bacteriophages 

exhibit two types of life cycle. In the viruientor It tie 
cycle, large numbers of progeny phages arc built 
up inside the host bacterium„ which ruptures to 
release them. In rhe remora re or rtoriWe cycle h 
the host bacterium is unharmed. The phage DNA 
becomes integrated with the bacterial chromosome 
Hi the pnjphitge, which Jnultiplies F^Tichronously 
with the host DNA and is transferred to the 
daughter cells. This process is called lysogeny and 
bacteria harbouring prophages are called }y$ogenk- 
baccena. Lysogeny is extremely frequent in nature. 

Irs lysogenic bacteria, the prophage behaves as 
an additional segment of the bacterial chromosome. 
Coding for new characteristics. This process by 
which rhe prophage DNA confers genetic 
information to a bacterium is called lysogenic or 
phage comvrb'ion. In transduction, die phage acts 
only as a vehicle carrying bacterial genes from one 
cell to another bur in lysogenic conversion the 
phage DNA itself is the new genetic element. 

Lysogenic conversion influences susceptibility to 
bacteriophages (immunity to iupcrinfcction with 


the same or related phages) and antigenic 
character] sties. Of great medical importance is the 
lysogenic convention in diphtheria bacilli, which 
acquire roxigenicity {and therefore virulence} by 
lysogenisation with the phage beta. Elimination of 
the phage from a toxigenic strain renders it 
nnntcmgemc. 

f 4djug9tioii: Conjugation is the process 
whereby a ‘male’ or 'donor' bacterium ^mates' or 
makes physical contact with a 'female 1 or 'recipient' 
bacterium and transfers genetic elements into it. 
This has been considered to he the bacterial 
equivalent of sexual mating in higher organisms 
bur rhe analogy is irrelevant as, following 
conjugation, the Female bacterium is in turn 
converted into 1 male cell! Bacterial conjugation, 
was first described hv Ledcrberg and 1 atum (1946) 
in a strain of £', coti called K12 and has been most 
extensively studied in this strain. 

Conjugation takes place between a made cell and 
a female cell. The rudeness or donor status of a 
cell is determined by the presence in it of a plasmid 
which codes for specialised fimbria (sex pilus) 
which projects from the surface of the cell, The 
plasmid DNA replicates and a copy of it passes 
from the. donor to the recipient cell, probably along 
the sex pilus (conjugation tube}. As a result, the 
recipient attains donor status and can in turn 
conjugate with other female cells. “Die malcncss in 
bacteria is thus a transmissible or ‘■infectious’ 
characteristic. Along with the plasmid DNA, 
portions of the host DNA also arc sometimes 
transferred to the recipient. The donor DNA then 
combines with the DNA of the recipient, effecting 
genetic recombination. It was in £ cali K\2 that 
the role of plasmids in conjugation was first 
recognised. The plasmid responsible was termed 
the 'sex factor' or 'fertility (F) factor'. When other 
similar plasmids were also discovered, the term 
'transfer factor’ came to be used for ull such plasm i ds 
which conferred on their host cells the ability to 
act as donors in conjugation. 
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The F factor; The F factor is a transfer factor 
char contains the genetic information necessary for 
the synthesis of the sex pilus and for self-transfer 
hut is devoid of other identifiable genetic markers 
such as drug resistance. Cells canying the F factor 
(F*cells) have no distinguishing features other than 
rheir ability to mate with F~ cells and render them 
F. The F factor is actually an episome and has the 
ahility to exist in some cells in the Integrated state’ 
or inserted into the host chromosome. Such cells 
arc able to transfer chromosomal genes to recipient 
ceils with high iretpency and are known as H6 t 
cells. Following conjugation with an Hfr cell, an 
F~ only rarely becomes F*, though it receives 
chromosomal get]es from the donor. 

This conversion of an F* cell into the Hfr state 
is reversihle. When the F factor reverts from the 
integrated state to the free state, it may sometimes 
carry with it some chromuSoinaJ genes from near 
its site of attachment. Such an F factor 
incorporating some chromosomal genes IS called 
an F prime (F) factor. When an F cell mates with 
a recipient, it transfers, along with the F factor, the 
host genes incorporated with it. This process of 
transfer of host genes through the F factor 
resembles rransduetion and has therefore been 
called S&tductioil (Fig. B.3J, 

Gulici nogen ic (Col) Ihctor; Several strains 
of colifbrm bacteria produce colicins — amibiotic- 
lihe substances which are specifically and selectively 
lethal to other enterobacteria. As similar substances 
ire produced by bacteria other than colifcrfms also 
(pyoein by Fscudomortu pyuxjmnemt diphthcriein 
by CorynctacferiujTj diphtheriac), the name 
bucteriocin has been given to this group of 
substances. The spec] ficity of action of bacteriocins 
enables intraspeeies classification of certain bacteria 
(fur example, Shigelfo ioiuiei, Ps. taugjutosA). 

Colicin production is determined by a plasmid 
called the Col 1 actor, which resembles the F factor 
in promoting conjugation, leading to self-transfer 
and, at times, transfer of chromosomal segments. 


Resistance transfer factor (RTF): This 
plasmid is of great medical importance as it leads 
to the spread of multiple drug resistance among 
bacteria. 

This extrachromosomal mechanism of drug 
resistance was first reported by Japanese workers 
(1959) investigating the sudden increase in 
infections caused by the Shigella strains, resistant 
simultaneously to sulphonamides, streptomycin, 
chloramphenicol and tetracycline. They observed 
that patients excreting such Shigella strains also 
shed in their fixes £, coif strains resistant id the 
same drugs. Transfer of multiple drug resistance 
was demonstrated between E. cati and Shigella 
strains both in vitro- and in vivo. The resistance is 
plasmid mediated and is transferred by conjugation. 
This mechanism of drug resistance is known as 
trznfferpbh, episomal or infectious drug resistance. 

This plasmid consists of two components - the 
transfer factor called die resistance transfer factor 
(RTF) which is responsible for eonjugational 
transfer, and a resistance dcfc.mrina.nf (r) for each 
of the several drugs. The whole plasmid (RTF + r 
determinants) is known as the R factor. An R factor 
can liave several r determinants, and resistance to 
as many as eight or more drag?; can be transferred 
simultaneously (Fig. 8.4), Somedmes the RTF may 
dissociate from the r determinants, the two 
components existing as separate plasmids. In such 
cases, though the bout cell remains drug resistant, 
the resistance is not transferable, The RTF can have 
attached to it determinants other than those for 
■drug resistance, Entrrotoxin and hemolysin 
production in some epteropathogcnic £, coli are 
transmitted by this transfer factor. 

Transferable drug resistance j-s seen widely in 
various pathogenic and commensal bacteria of man 
and animals, such as Entcrobactcriaceitc, Vibrio, 
Pseudomonsti, Pastetirelh, The transfer can be 
effected readily' in vitro but in the normal gut, it is 
inhibited by several factors such as anaerobic 
conditions, bUc salts, alkaline pH and the abundance 
of anaerobic Gram positive bacteria minimising the 
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Fig, 8,3 Sewiuclion The integrated f (actor at ?. Hfr cell may revert to the cytoplasmic slate, during tucision 
seme host genes may be incorporated in the F factor (F). When an F t ll males wilh an F cell, the host gene 

te transferred to the recipient. 


chances of contact between donnr cells and suitable 
recipient cells. But in the intestines of persons on 
oral antibiotic therapy; transfer occurs readily due 
to the destruction of the sensitive normal flora and 
the selection pressure produced by the drug. 

Transferable drug resistance is now universal 
in. distribution and involves all antibiotics in 
common use. Its incidence is directly proportional 
to the frequency of use of antibiotics in the area. 
Bacteria carrying R factors can be transmitted from 
animals to man, Hence indiscriminate use of 
antibiotics in veterinary practice or in animal feeds 
can also lead to an increase of multiple drug 
resistance in the community. The addition of 
antibiotics in animal feeds has for this reason been 
prohibited by Legislation in some countries. 
Widespread resistance lias considerably diminished 
the clinical efficacy of most antibiotics. 


Genetic Mechanisms of Dki:g 
Resistance in Bactbhia 

Bacteria may acquire drug resistance hv mutation 
nr by one of the methods, of genetic transfer. The 
biochemical mechanisms of resistance may be 
tevenil, including decreased permeability to the drag., 
development of alternative metabolic pathways, and 
production of etLlymes inactivating the drugs. 

Mutational resistance is mainly of two types: 
(1) the stepwise mutation, as seen with penicillin, 
where high levels of resistance arc achieved only 
by a series of small-step mutations; and (2) the 
one-step' mutation* as seen with streptomycin, 
where the mutants differ widely in the degree of 
resistance,, some exhibiting low resistance, while 
Others may be highly resistant, and some even 
streptomycin dependent. 
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In clinical practice, mutational resistance is of 
great importance in tuberculosis. If a patient is 
treated with streptomycin alone, initially the bacilli 
die in large numbers but soon resistant mutants 
appear and multiply unchecked. If two or more 
antituberculous drugs are used Jot combined 
treatment, ^population by resistant mutants docs 
not occur, as a mutant resistant to one drug will be 
destroyed by the other drug- The possibility of a 
mutant exhibiting resistance to multiple drugs 
simultaneously is so remote as to be virtually 
nonexistent. This is the rationale behind combined 
treatment in tuberculosis. However, inspire of this 
knowledge, inadequate or inappropriate treatment 
over the years has caused extensive resistance in 

j 

tubercle bacilli, leading to a pandemic of multidrug 
resistant tuberculosis (MDR TB) across the world. 

Resistance transfer by transformation can be 
demonstrated experimentally but its significance in 
nature is not known. Acquisition of resistance by 
transduction is common in staphylococci. The 


penicillinase plasmids, which are transmitted by 
transduction^ may also carry determinants for 
resistance to mercuric chloride and erythromycin. 

Transferable drug resistance mediated by the R 
factor is the most Impo-rtant method of drug 
resistance. Acquisition of an R factor simultaneously 
confers resistance to several drugs and therefore 
treatment wi fb a combination of drugs is not useful. 
The resistance is due to die production of degrading 
enzymes, and the level of resistance is usually high. 
Resistance may be transferred between bacteria of 
different taxonomic groups. While resistant mutants 
usually have a lower growth rate- and reduced 
virulence as compared to the wild strains, bacteria 
carrying R factors are apparently normal in other 
respects, R factors in some cases may even lead to 
enhanced virulence. Multiple drug resistance vu 
initially seen in bacteria causing diarrhea and such 
other mild infections that did not call for antibiotic 
treatment as a routine. But subsequently it has 
spread to virtually all pathogenic bacteria affecting 
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Fig. 6.4 Transferable drug resistance. The R’ cell carries the R factor, consisting of RTF and r determinants, 
Its transfer to a sensitive R bacterium converts the recipient into a resistant ft- cell. 
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humans and animals, [linking antibiotic therapy ot 
infections ineffective. 

In the laboratory, R factors may sometimes be 
eliminated by treating bacteria with acridine dyes 
or ethidium bromide. But in the community, the 
only way to prevent widespread dissemination of 
multiple resistance is to restrict the use of antibiotics 
to the essential minimum. 

Transferable Genetic Elements 

Certain structurally and genetically discrete 
segments of DNA have been identified that have 
the ability to move around in a 'cut-ami-paste' 
manner between chromosomal and extrachro- 
mosomal DNA molecules within cells. These DNA 
molecules ate called tTAiinpusoiiS {jumping genes’) 
and this mode of genetic transfer, tmiKpusilicjit. The 
earliest of such mobile genes was discovered by 
Barbara McCUnlock in plants during work in the 
1940s and 50s, for which she was awarded the 
Nobel Prize for Medicine in 1933. A transposes is 
a segment of DNA with one or more genes in the 
centre, and the two ends carrying 'inverted repeat' 
sequences of nucleotides—nucleotide sequences 
complementary to each other but in the reverse 
order. Because of this feature, each strand of the 
transposon can form a single-stranded loop carrying 
the gene, and a double-stranded stem formed by 
hydrogen bonding between the terminal inverted 
repeat sequences (Fig. 8-5}. Small tran&pnsons 
(1-2 kb) are known as 'insertion sequences' or IS, 


Transposons attach at certain regions of 
chromosomal, plasmid or phage DNA. Insertion 
of a transposon leads to the acquisition of new 
characteristics by the recipient DNA molecule. 
Unlike plasmids, transposons are not self replicating 
and depend on chromosomal or plasmid DNA for 
replication. 

By transposi tiorr, a segment of the DN A can be 
trajisferred from a molecule to another molecule 
chat baa no genetic homology with either the 
transposable clement ot with the donor DNA, In 
this it differs from recombination. As sizeable 
chunks of DNA arc added by transposition, the 
recipient molecule becomes heavier. 

Characteristics transferred by transposons may 
sometimes confer survival advantage under appropriate 
environmental conditions. It has been suggested that 
the resistance-determinant segments of die R factors 
may Iiuve evolved as collections of transposons, each 
carrying a gene that outliers resistance to one or several 
antibiotics. 

Trails position is a mechanism for amplifying 
genetic transfers in nature and has been identified 
in microorganisms, plants and animals. Transposons 
appear to accomplish in nature, gene manipulations 
similar to the laboratory manipulations that have 
been called 'genetic engineering 1 . 

MOLECULAR GENETICS 

Discoveries i n microbial genetics have provided the 
basis for the discipline of molecular generics, which 


Table fs.t Comparison of mutational and transferable drug resistance 


Mundonal drug resistance 

One drug resisiance ar a time 
Low degree resistance 
Can overcome by high drug dose 
Drug combinations can prevent 
Resistance docs not spread 
Mutants may be defective 
Virulence may be low 


Tr^n s/era tJc resistance 

Multiple drug resistance 
High degree nsistaoce 
High dose ineffective 
Combinations cannot prevent 
Spreads to same or different species 
Nor -defective 
Virulence not decreased 
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is concerned with the analysis :uul manipulation of 
DNA using biochemical and microbiological 

techniques.. It has been stated that these technique* 
have revolutionised the study of biology and, 
medicine, probably more than any technique since 
the development of the light microscopes. Some 
techniques and applications of molecular genetics 
arc dibicu-SHeJ hcluw. 

Genetic engineering: The most important 
application of molecular genetics in biotechnology 
is genetic engineering or recombinant DNA 
(rDNA) technology. Thin consists of isolation of 

the genes coding for any desired protein from 
microorganisms or from cells of higher forms of 
Life including human beings, and their introduction 
into suitable microorganism*, in which the genes 
would be functional, directing the production of 
rhe specific protein, Such cloning of genes in 
microorganisms enables rhe preparation of the 


desired protein in pure form, in large quantities 
and at a reasonable cost. 

Different strategies have been employed lor 
obtaining the desired genes. For very small proteins, 
such as the pituitary hormone somatostatin whose 
complete aminoaetd sequences are known, the genes 
can be synthesised in the laboratory. With larger 
proteins, this is not possible. The DNA tan be 
cleaved by specific enzymes called restriction 
endonucleases and the fragments containing the 
desired genes isolated. This does not work with 
DNA of higher organisms as they contain introns. 
In such cases, the messenger RNA concerned can 
be isolated from cells producing the desired protein. 
A DNA copy is made from the mUNA Using the 
enzyme reverse transcriptase. The dmihle-strandicd 
DNA gene is then prepared using DNA polymerase. 
This is incorporated into suitable vectors or carriers, 
such as plasmids or temperate bacteriophages, for 



Fig. fi.5 Diagrammatic representation. The figure above shows a transposon along the course off s DNA 
molecule, consisting of a gene in Hie middle and inverted repeal sequences of nucleotides al either end, The 
figures below represent the stem and loop structure termed by each strand of the transposon. The loop 
consists ol the gene and the slant Is formed by hydrogen bonding between the terminal repeal sequences. 
The stem and loop lorn can attach to Insertion sites on recipient DNA. 1. Trenspo&on, 2 Inverted repast 
sequences. 1 Gene. 4. Inverted repeat sequences, 5, Double-stranded DNA, 6, Single-stranded loop consisting 
of gene. 7. Double-siranded stem formed by bonding of terminal Inverted sequences. 
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insertion into microorganisms. The microorganism 
commonly employed is E, coli Kl2 t though many 
other bacteria and yeasts have also been used. 

Genetic engineering has become an established 
branch of biotechnology with great scope for 
commercial exploitation. Cloned human insulin, 
interferons, somatostatin* growth hormones and 
many other biological* have already been marketed. 
Safer vaccines can be produced by cloning the 
protective antigens of pathogens, as hits already been 
done, as in the ease of foot and mouth disease, and 
hepatitis B and rabies viruses. This versatile 
technique has many extramedieaJ applications also. 
Ee81rici h irt eiulon ucleasfist [restriction 
enzymes) are microbial enzymes which cleave 
double-stranded DNA at specific oligonucleotide 
sequences. Many such enzymes which act at 
different nucleotide sequences (for example* Eat 
Rl, Hind III, Taq 1) have been recognised. The 
natural function of restriction enzymes in bacteria 
may be the destruction of foreign DNA that may 
enter the bacterial ceil 

Restriction enzymes split DNA strands into 
fragments of varying lengths. These can be 
separated by gel electrophoresis and stained with 
ethydium bromide and photographed. 

1 >N.\ probe*: The specificity of the interaction 
in base pairing during DNA or RNA synthesis 
enables the production of specific DNA probes. 
These ate radioactive, biotinylated or otherwise 
labelled copies of cloned single-stranded DNA 
fragments, usually 20^25 nucleotides long and 
containing unique nucleotide sequences which can 
be used for the detection of homologous DNA by 
hybridisation. DNA probes are being used 
increasingly in. the diagnosis of infectious diseases. 
Probes containing sequences unique to the microbe 
(strain, species or group) to be detected can be added 
to microbial cultures, body fluids, tissues or other 
materials suspected to contain the microbe or its. 

DNA. The DNA probe hybridises with the 
complementary specific sequences on the microbe’s 
DNA. The advantages of DNA probes for diagnosis 


are their high degree of specificity, ability to detect 
minute quantities of complementary DNA even in 
the presence of other microbes, and the capacity to 
recognise microbes that are either difficult or 
Impossible to culture. DNA probes for the detection 
of many pathogens are now commercially available. 
Blotting techniques; DNA fragments obtained 
by restriction enzyme digestion and separation on 
gd can he transferred from the gel by blotting to 
nitrocellulose or nylon membranes that bind the 
DNA. The DNA bound to the membrane is 
denatured (convened to die single-stranded form) 
and treated with radioactive tingle-stranded DNA 
probes- These will hybridise with homologous 
DNA to form radioactive double-stranded segments, 
which can be detected on X-ray film. This highly 
sensitive technique for identifying DNA fragments 
by DNA : DNA hybridisation is called Southern 
Wotting-, after EM Southern who devised it. This 
technique has very wide application in DNA 
analysis. 

An analogous procedure for the analysis of 
RNA has been called .northern blotting (as opposed 
to southern blotting!:). Here the RNA mixture is 
separated by gel electrophoresis, blotted and 
identified using labelled DNA or RNA probes. 

A similar technique for the identification of 
proteins (antigens) is called immumfofornn^- (or, 
in conformity with other blotting techniques, 
western blotring). Here die protein antigen mixture 
is separated by SDS-PAGE (sodium dodecyl 
sulfate—polyacrylamide gd electrophoresis), blotted 
on to nitrocellulose strips and identified by 
radiolahelled or enzyme-labelled antibodies as 
probes. The western blot test has received wide 
publicity as the confirmatory test for the diagnosis 
of HIV antibody in sera. The specificity of the test 
depends on its ability to separately identify 
antibodies directed against different antigens of die 
pathogen (tor example, against the surface, core 
and reverse transcriptase antigens of HIV) 

Pid 1 ? uivrnsv chain (PCE): This 

is a rapid automated method for the amplification 
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of specific DNA sequences {or genes), invented by 
Kilty B MllUis ip 1981, for which he won the Nobel 
Prize in Chemistry iti 1993. PCR consists of several 
cycles of sequential DNA replication where the 
products of the first cycle become the template for 
the next cycle. It makes available abundant quantities 
of specific DNA sequences starting from sources 
cont aining minimal quantities of the same. 

The technique is as follows-: two oLigcmudeutde 
printers complementary to the flanking region of the 
DNA sequence to be amplified art- incubated with 
the target DNA, nucleotides and DNA polymerase. 
The reaction consists of three essential steps: 

1. heat dematuration of the sample DNA to single 
strand; 

2. annealing of sequence-specific oligonucleotide 
primers Co the boundaries of the DNA segment; 
and 

3. extension of the primers by DN A polymerase 
to form new double-stranded DNA across the 
segment by sequential addition of 
deoxynucleutidcs. 

These three steps constitute one cycle of the 
reaction, These cycles are repeated several times, 
usually for 20-50 cycles in the thermocycler, at the 
end of which hundreds of thousands of copies of 
the original target sequences are available. As the 
.reaction steps take place at high temperature (50- 
95 C), a bear-stable polymerase, such as Taq 1 has 
to be employed. 

With its enormous capacity to amplify DNA, 
PCR is a versatile too! useful in diverse areas such 
as diagnosis of infectious, genetic or neoplastic 


diseases, in forensic investigations, tm 
archeobiologkal studies of ancient specimens 
and in the examination of phylogenetic relationships 
in evolution. 

Based on the principle of PCR, other target 
amplification systems have been developed, One 
such, Tran-5 crip firm, mediated amplification (TMA) 
which amplifies nboscunal RNA instead of DNA 
has been applied as a rapid diagnostic technique 
for infections such, as tuberculosis where cultures 
are difficult or delayed. 

Molecular epidemiology: One offshoot of 
molecukr genetics is molecular epidemiology. Here 
molecular methods such as pl.ismid profile analysis, 

genomic fingerprinting and PCR are used for the 
identification and matching of microbial isolates 
for epidemiological purposes. 

Genetic mapping; As- a result of the 

remarkable advances in molecular genetics, it has 
been possible to delineate the complete genomic 
sequences of bacteriophages and other viruses, 
bacteria and their plasmids, and even of some 
eukaryotes including mammals. Quite apart from 
the useful information it ha is provided in 
microbiology, in success emboldened the 
international scientific community to venture on the 
'human genome project’, tile most expensive and 
ambitious scientific project SO far undertaken in 
biology. The results of this mammoth study became 
av ail able by the dawn of the twenty-first century 
and have opened vistas in human biology and 
medicine, as well as controversies and dilemmas 
that transcend medicine. 
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Infection and immunity involve interaction 
between the animal body (host ) and the infecting 
microorganism. Based on their relationship to 
their hosts, microorganisms can Esc classified as 
Mpmphyte-s (from Greek sapros decayed; and 

phyt<tfl plant) and parasites. SlptOphytes art; Irfie- 

living microbes that subsist on dead or decaying 
organic matter. They arc found in soil and water 
and play an important role in the degradation of 
organic materials in nature, ‘.nicy are generally 
incapable of multiplying on living tissues and 
therefore are of little relevance in infectious 
disease. Exceptionally, however, some saprophytes 
like B. iubtHix may infect devitalised hosts whose 
natural resistance is greatly reduced (opportunistic 
infection). Parasites are microbes that can establish 
themselves and multiply in hosts, Parasitic 
microbes may be either pathogens (from Greek 
pathos suffering, and gen produce, that is, disease- 
producing) of cornmertsaJs (from Latin com with; 
and. metist, table, ix,, living together). Pathogens 
are microorganisms that are capable of producing 
disease in the host, Commensal microbes live in 
Complete harmony with the host without eausi ng 
any damage to it. The normal bacterial flora of 
the body consist largely of commensals. Many 
commensals behave as facultative pathogens in 
that they can produce disease when the host 
resistance is lowered. 

It is necessary to distinguish between the term 
‘injection and‘infectious diseaseThe lodgement 
and multiplication of a parasite in or on the tissues 
of a host constitute infection. It does not invariably 
result in disease, In fact, disease is but a rare 


consequence of Infection, which is a common 
natural event. 

Infections may be classified in various ways. 
Initial infection with a parasite in a boat is termed 
primary infection. Subsequent infections by the 
same parasite in the hew* are termed reinfections. 
When i new parasite sets up an infection in a 
host whose resistance is lowered by a preexisting 
infectious disease, this is termed secondary 
infection. The term footi infection (more 
appropriately feral sepsis) indicates a condition 
where, due to infection or sepsis at localised sites 
such as appendix or tonsils, generalised effects 
are produced. When in a patient already suffering 
from a disease a new infection is set up from 
another host or another external source, it is 
termed cross-infection. Cross-infections occulting 
in hospitals are called ntysucotnial infections (from 
Greek mwocomj'on hospital), The term htmgemc 
infection refers to physician-induced infections 
resulting from investigative, therapeutic or other 
procedures. Depending on whether the source of 
infection is from the host's own body or from 
external soured, infections are classified as 
cndoge.nous 1 or exogenous, respectively. Based on 
the clinical effects of infections, they may be 
classified into different varieties, Inapparcnt 
infection is one where clinical effects are not 
apparent. The term subclinkai infection is often 
used as a synonym, Atypical infection is one in 
which the typical or characteristic clinical 
manifestations of the particular infectious disease 
arc not present. Some parasites, following 
infection, may remain in the tissues in a latent or 
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hidden form proliferating and. dinkii 

disease when the host resistance is lowered- This 
is termed latent infection. 

SoURriFlS OF INFECTION 

I Inmans: The commonest source of infection 
for humans are humans themselves:. The parasite 
may originate from a patient or a carrier. A earner 
is a person who harbours the pathogenic 
microorganism without suffering from any ill’ 
effect because of it. Several types of carriers have 
been identified. A healthy carrier is erne who 
harbours the pathogen but 1 ms never suffered from 
the disease caused by the pathogen, while a 
canvafescenr carrier is one who has recovered 
from the disease and continues to harbour the 
pathogen in. his body. Depending on the duration 
of carriage, carriers are classified as temporary 
and chronic, ‘I’he tcfiiporarrounitritstc lasts less 
than six months, while chronic carriage may last 
for several years and sometimes even for the rest 
of one’s life. The term contact earner is applied 
to a person who acquires the pathogen from a 
patient, while the term paradoxical tamer refers 
to a carrier who acquires the pathogen from 
another carrier. 

Animals: Many pathogens are able to infect 
both human beings and animals. Animals may; 
therefore, act as sources of human infection. In 
some instances, the - infection in animals may be 
asymptomatic. Such animals serre to maintain the 
parasite in nature and act as the reservoir of human 
infections. They .ire, therefore, called reservoir 
hosts. Infectious diseases transmitted from animals 
to human beings are called zoonoses. Zoonotic 
diseases may be bacterial (plague from rats), viral 
{rabies from dogs), protozoal (toxoplasmosis from 
cats), helminthic (hydatid disease from dogs) or 
fungal (zooplulic dermatophytes from cats and 
dogs). 

Insects: Blood sucking insects may transmit 
pathogens to human beings. The diseases so 


caused are called arthropod-borne diseases. Insects 
such as mosquitoes, ticks, mites, flies, fleas and 
lice that transmit infection? are called vectors. 
Transmission may be mechanical (for example, 
transmission of dysentery' or typhoid bacilli bv 
the domestic fly). Such vectors arc called 
mechanic*/ rfero«. In other instances, the 
pathogen multiplies in (he body of the vector, often 
undergoing part of its developmental cycle in if. 
Such vectors ate termed biological vectors (for 
example, Andes aegypd mosquito in yellow fever, 
Anopheles mosquito in malaria). Biological 
vectors transmit infection only after the pathogen 
has multiplied in them sufficiently of lias 
undergone a developmental cycle. The interval 
between the time of entiy of the pathogen into 
the vector and the vector becoming infective is 
called the extrijiffe ineubanori period. 

Besides acting as vector?, some insects may 
also act as reservoir hosts (for example, ticks in 
relapsing fever and spotted fever). Infection is 
maintained in such insects by transovarial or 
transsradial passage. 

Soil and water: Some pathogen? can survive 
in the soil for very long periods. Spores of tetanus 
bacilli may remain viable in the soil for ■several 
decades and serve as the source of infection. Fungi 
iHiitophitma c,ipmhtum v Nocanfm astcroidcs) 
and also parasites such as roundworm and 
hookworm survive in the soil and cause human 
infection. 

Water may act as the source ot infection, either 
due to Contamination with pathogenic 
microorganisms (cholera vibrio, infective hepatitis 
virus) or due to the presence of aquatic vectors 
(cyclop* in guineaworm infection). 

Food: Contaminated food may act as a source 
of infection. The presence of pathogens in food 
may be due to external contamination (food 
poisoning by staphylococcus) or -due to pre¬ 
existent infection in meat or other animal products 
(salmonellosis). 
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Methods of Transmission of 

I IN F BCTION 

(kmlact Infection may be acquired by contact, 
which may be direct or indirect. Sexually 
transmitted diseases such as syphilis and 
gonorrhea illustrate spread by direct contact. The 
term cor j-ragJCMJ.s disease had been used For diseases 
transmitted by direct contact, distinct from 
tQ&rtiam disease signifying all other modes of 
transmisHion.Th.LH distinction is now not generally 
employed. Indirect contact may be through the 
agency of fomifcs, which are inanimate objects 
such as clothing, pencils or coy's which may be 
contaminated by a pathogen from one person and 
act as a vehicle lor its transmission to another. 
Pencils shared by school children may act as 
fonrutes m the transmission oi diphtheria, and lace 
towels in trachoma. 

Inhalation: Respiratory infections such as 
influenza and tuberculosis are transmitted by 
inhalation of the pathogen. Such microbes are 
shed by the patients into the environment, in 
Secretions from the nose or throat during sneezing, 
speaking or coughing. Large drops of such 
secretions fall to the ground and dry there. 
Pathogens resistant to drying may remain viable 
in the dust and act as sources of infection. Small 
droplets, under 0.1 ntm in diameter, evaporate 
immediately to become minute particles or droplet 
nuclei (usually 1-10 pm in diameter) which 
remain suspended in the air for long periods, 
acting as sources of infection, 

Ingestion: Intestinal infections arc generally 
acquired by the ingestion of food or drink 
contaminated by pathogens. Infection transmitted 
by ingestion may be waterborne {cholera), 
foodbome (food poisoning) or hand borne 
(dysentery). The importance of fingerborne 
transmission is being increasingly recognised, not 
only in the case of pathogens entering through 
the mouth, but also those that enter through the 
nose and eyes. 


Inoculation: Pathogens, in some instances, may 
be inoculated directly into the tissues of the host. 
Tetanus spores implanted in deep wounds, rabies 
virus deposited subcutaneously by dog bite and 
arboviruses injected by insect vectors are examples. 
Infection by inoculation may be iatrogenic when 
unsterile syringes and surgical equipment arc 
employed. Hepatitis B and the Human 
Immunodeficiency Virus (HIV) may be 
transmitted through transfusion of infected blood, 
or the use of contaminated syringes and needles, 
particularly among addicts of injectable drugs. 
Insects: Insects may act as mechanical or 

r 

biological vectors of infectious diseases. 
Congenital; Some pathogens are able to cross 
the placental barrier and infect the fetus in utcro. 
This is known as ivrticstl transmission. This may 
result in abortion, miscarriage or stillbirth. Live 
infants may be born with manifestations of a 
disease, as in congenital syphilis. Intrauterine 
infection with the rubella vims, especially in the 
first trimester of pregnancy, may interfere with 
organogenesis and Lead to congenital 
malformation. Such infections are known as 
teratogenic infections. 

Iatrogenic and laboratory infections; 
Infection may sometimes be transmitted during 
administration of injections, lumbar puncture and 
catheterisation, if meticulous care in asepsis is 
lacking. Modem methods of treatment such as 
exchange transfusion, dialysis, and organ transplant 
surgery' have 1 ncreased the possibilities for iatrogenic 
infections. Laboratory perconnet handling infectious 
material are at risk and special cate should be taken 
to prevent laboratory infection. 

The outcome of an infection will depend on 
the interaction between microbial fectors which 
predispose to patliogenicipf and hust factors which 
contribute to resistance, 

Factors Predisposing To 

M ICP.OPI A t. P ATHOQb N ItJITl 
The terms 'pathogenicity' and 'virulence' refer to 
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the ability of a microbe to produce disease or tissue 
injury but it is convenient to make a fine 
distinction between them. H Pathogenic! tv' is 
generally employed to refer to the ability of » 
microbial species to produce disease, while the 
term ‘virulence 1 2 3 4 5 6 7 * 9 10 is applied to the same property 
in a strain of microorganism. Thus rhe species 
M. fufrcncuAjsrs or the polio virus is referred, to 
as being pathogenic. Tbe pathogenic species 
M. fubaniib&ij arid the polio virus contain strains 
oi varying degrees oi virulence including chose 
which arc avirulent, such as the vaccine strains. 
The virulence of a 'Strain is not constant and may 
undergo spontaneous or induced variation. 
Enhancement of virulence is known as exaltation 
and can be demonstrated experimentally by serial 
passage in Susceptible hosts. Reduction of 
virulence is known as atfemtarjoji and can be 
achieved by passage through unfavourable hosts, 
repeated cultures in artificial media, growth under 
high temperature or In the presence of weak 
antiseptics, desiccation, or prolonged storage in 
culture. 

Virulence is the sum total of several 
determinants, as detailed below. 

Adhesion: The initial event in the pathogenesis 


of many infections is the attachment of the bacteria 
to body surfaces. Tills attachment is not a dunce 
event hut a specific reaction between surface 
receptors on host cells and adhesive structures. 
(ligands) on the surface of bacteria. These adhesive 
structures are called adhesins. Adhesins may occur 
as organised structures, such as fimbriae or 
fihrillae and pill, or as colonisation factors. This 
specific adhesin may account for the Tissue 
iropisms and host specificity exhibited by many 
pathogens. Adhesins serve as virulence factors, 
and loss of adhesins often renders the strain 
avirulem. Adhesins are usually made of protein 
and are antigenic in nature, Specific immunisation 
with adhesins has been attempted as a method of 
prophylaxis in some infections, as for instance 
against E. coir diarrhea in calves and piglets, and 
gonorrhea in human beings. 

Invosiveneas: This refers to tbe ability of a 
pathogen to spread in the host tissues after 
establishing infection. Highly invasive pathogens 
characterisricsilly produce spreading or generalised 
lesions (e.g., streptococcal septicemia following 
wound infection), while less invasive pathogens 
cause more localised lesions (e.g,, staphylococcal 
abscess). Some pathogens,, though capable of 


Table $.1 Distinguishing featum oi eiolculns and endotoxins 


Exvtoxint Endotoxins 


1. Proteins 

2 . f leat labile 

3. Actively secreted by cells; diffuse into 
surrounding medium 

4. Readily separable from cultures hy physical 
mean* mth a* filtration 

5. Action often enzymic 

6. Specific pharmacological effect for each 
eutmadn 

7. Specific tissue affinities 

S. Active In very minute doses 

9, Highly antigenic 

10. Action specifically neutralised by antibHxly 


Liptipcdysaccharidc* 

Heat stable 

Form part of celL walk do not diffuse into 
surrounding medium 
Obtained only hy cell lysis 

No enzymic action 

Effect nonspecific; action common to all 
endotoxins 

No specific tissue affinity 
Active oflly in vety laege doses 
Weakly antigenic 

Neutralisation by antibody ineffective 
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causing serious or even fa fa) diseases* lack 
invasive Hess altogether (e.g.* the tetanus bacillus 
which remains confined to the site of entry and 
produces the disease by elaborating a potent 
toxin). 

Tfodgenicity; Bacteria produce two types of 
toxins—exotoxins and endotoxins. 

Ej Oterifl S are heat labile proteins which ate 
secreted by certain species of bacteria and d iffuse: 
readily into the surrounding medium. They arc: 
highly potent in minute amounts and constitute 
some of the most poisonous substances known. 
One mg of tetanus or botulmum toxin is sufficient 
to kill more than one million guinea pigs and it 
has been estimated that 3 kg of botulimmi toxin 
can kill all the inbabi rants of the world- Treatment 
of exotoxins with formaldehyde yields toxoids 
winch are nontoxk but retain the ability to induce 
antibodies {antitoxins). They exhibit Specific tissue 
affinities and pharmacological activities* each 
toxin producing a typical effect which can be 
made out by characteristic clinical manifestations 
or autopsy appearances. Exotoxins are generally 
formed by Gram positive bacteria hut may also 
be produced by some Gram negative organisms 
such as Shiga's dysentery bacillus, vibrio cholera 
and enterotoxigenic £, coir. 

Endotoxins arc heat stable lipopolysacch at ides 
{LPS) which form an integral part of the cell 
wall ol Gram negative bacteria. Their toxicity 
depends on the lipid component (lipid A). They 
are not secreted outside the bacterial cell and are 
released only by the disintegration of the cell wall. 
They cannot be roxoidetUThey arc poor antigens 
and their toxicity is not completely neutralised by 
the homologous antibodies. They are active only 
in relatively large doses. They do not exhibit 
specific pharmacological activities,. All endotoxins* 
whether isolated from pathogenic or 
nonpathogenic bacteria, produce similar effects. 
Administration of small quantities of endotoxin 
in susceptible animals causes an elevation of body 
temperature manifested within 15 minutes and 


lasting lor several hours. The pyrogenic effect of 
fluids used for intravenous administration is 
usually due to the presence of endotoxins from 
contaminant bacteria. Intravenous injections of 
large doses ol endotoxin and massive Gram 
negative septicemias cause efldotOXlC shock 
marked by fever, leucopcnia, thrombocytopenia, 
significant fall in blood pressure, circulatory 
collapse and bloody diarrhea leading to death 
(Tables 9.1, 9.2). 

Plasmids: Genes coding for some virulence 
characteristics may be plasmid borne. Examples 
ol plasmid-home virulence factors are surface 
antigens responsible for the colonisation of 
intestinal mucosa by E. coli and enteroroxin 
production by E. cn/J and Staph- syrens, Multiple 
drug resistance (R) plasmids increase the severity 
of clinical disease by their resistance to antibiotic 
therapy. 

Elacteriaphages; The classical example of 
phage directed virulence is seen in diphtheria, lo 
diphtheria bacilli, the gene for toxin production 
is present in beta or other r«x + corynepbages. 
Cnmmunieahility: The ability of a parasite 
to spread from one host to another is known as 
com.mumcability.This property does not influence 
the production of disease in an individual host 
but determines the survival and distribution of a 
parasite in a community. A correlation need not 
exist between virulence and communicability. In 
fact* a highly virulent parasite may not exhibit a 
high degree of communicability due to its rapidly 
lethal effect on the host. In general, infections in 
which the pathogen Is sited in secretions, as in 
respiratory or intestinal diseases* are highly 
communicable. In some instances, as In 
hydrophobia, human infection represents a dead 
end* there being an interruption in the spread of 
the pathogen to other hosts. 

Development ol epidemic and pandemic 
diseases requires the strain of pathogen to possess 
high degrees of virulence and communicability. 
Other bacterial products: Some bacterial 
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products other than toxins, though devoid of 
intrinsic toxicity, may contribute to virulence by 
inhibiting the mechanisms of host resistance. 
Pathogenic staphylococci produce a thrombin- 
like cnv.ymc coagulate which prevents 
phagocytosis by forming a fibrin barrier around 
the bacteria and walling off the lesion. 
Fibrin oleine promote the spread of infections by 
breaking down the fibrin barrier in tissues. 
Hyaluronidascs split hyaluronic acid which is a 
component of intercellular connective tissue and 
thus facilitate the spread of infocrion along tissue 
spares. Leucocidins damage polymorphonuclear 
leucocytes. Many pathogens produce hemolysins 
capable of destroying erythrocytes but their 
significance in pathogenicity is not clearly 
understood. 

Bacterial appendages; Capsulatcd bacteria 
such its pneumococci, K, pneumoniae nnd H, 
influenzae are not readily phagocyrosed. Some 
bacterial surface antigens such as the Vi antigen 
of 5. typhi t K unfigcm of R eo/i also help the 
bacteria to withstand phagocytosis and the lytic 
activity ul complement. 

Infecting dose; Successful infections require 
that an adequate number of bacteria should gain 
entry into the host. The dosage may be estimated 
as the minimum infecting dose (MID) or 
minimum lethal dose (MLC) which are, 
respectively, the minimum number of bacteria 
required to produce clinical evidence of infection 


or death, respectively, in a susceptible animal under 
standard conditions. As animals exhibit 
considerable individual variation in susceptibility, 
these doses are more correctly estimated as 
statistical expressions, ID SO and LD SO, as the 
dose requited to infocr or kill 50 per cent of the 
ammal$ tested under standard conditions. 

Route of infection: Some bacteria, such as 
streptococci, can initiate infection whatever he the 
mode of entry. Others can survive and multiply 
only when introduced by the optimal routes. 
Cholera vibrios ate infective orally hut are unable 
to cause infection when introduced subcutaneously. 
This difference is probably related to modes by 
which different bacteria are able to initiate tissue 
damage and establish themselves. Bacteria also 
differ in their sites of election in the host body 
after introduction into tissues. They also differ in 
the ability to produce damage of different organs 
in different species of animals. Tubercle bacilli 
injected into rabbits cause lesions mainly in the 
kidney and infrequently in the liver and spleen, 
hut in guinea pigs the lesions are mainly in the 
liver and spleen, the kidneys being spared. The 
reasons for such selective multiplication in tissues 
are largely obscure, though they may he related 
to the presence in tissues of substances that may 
selectively hinder or favour their multiplication, 

Tymks ok TrcKKcriotis Diskakk* 
Infectious diseases may be localised or generalised. 


Table 9.2 Biological activities of endotoxins 


IVrogenicity 

Lethal action 

Depression of blood pretture 

ActivTuiyn of complement 

Intravascular coagulation 

LeucofKnu 

Lcuorotoei* 

Inhibition of glucose and 
glycogen synthesis In the liver 

Stimulation of R lymphocytes 

Macrophage inhibition 

Interferon release 

Induction of prostaglandin 
synthesis 


f Clotting of limulus lysate (lysate of amcbocytes from horse-shot crab, Limulus polyphemus, used as a 
Met for detection of endbttntint). j 
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Localised infections may be superficial or deep* 
seated. Generalised infection involves the spread 
of the infecting agent from the site of entry by 
contiguity, through tissue spaces or channels, 
along the lymphatics or through the bloodstream. 
Circulation of bacteria in the blood is known as 
bacteremia. Transient bacteremia is a frequent 
event even in heaJthv individuals and may occur 
during chewing, brushing of teeth or straining at 
stools. The bacteria are immediately mopped op 
by phagocytic cells and are unable to initiate 
infection. Bacteremia ofgreater severity and longer 
duration is seen during generalised infections m 
in typhoid fever, Septicemia is the condition 
where bacteria circulate and multiply in the blood, 
form toxic products and cause high, swinging type 
of fewer. Pyemia is a condition where pyogenic 
bacteria produce septicemia with multiple 
abscesses in the internal organs such as the ^plccn, 
liver and kidney. 


Depending on their spread in the community, 
infectious diseases may be classified into different 
types, Endemic discases are those which are 
constandy present in a particular area. Typhoid 
few is endemic in most parts of India. An epidemic 
disease is one that spreads rapidly, involving many 
persons in an area at the same time, Influenza 
causes anno a l winter epidemics in the cold 
countries. A pandemic is an epidemic that spreads 
through many areas of the world involving very 
large numbers of people within a short period. 
Influenza, cholera, plagoe and entcroviral 
conjunctivitis are pandemic diseases. Epidemics 
vary in the rapidity of spread. Watcifonu; diseases 
such as cholera and hepatitis may cause explosive 
outbreaks, while diseases which spread by person- 
To-person contact evolve more slowly. Such 
creeping or smouldering epidemics, as that of 
cerebrospinal fever, are termed pr&*&demic 
diseases. 
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The term * immunity* traditionally refers to the 
resistance exhibited by the host towards injury 
caused by microorganisms and their products. 
However protection against infectious diseases is 
only one of the consequences of the immune 
response, which in its entirety is concerned with 
the reaction of the body against any foreign antigen. 
Immunity against infectious diseases is of 
different types; 

I Innate (Native) Immunity 

E Species 
Racial 
Individual 

E Specks 
Racial 
J individual 


11 Acquired (Adaptive) Immunity 


(a) Active 


Natural 
'' Artificial 


Natural 

(b) Passive 

Artificial 


Irniarc or native immunity is the resistance to 
infections which, an individual possesses by virtue 
of his genetic and constitutional make-up. It is not 
affected by prior contact with mkroorganisms or 
immunisation. It may be nonspecific^ when it 
indicates a degree of resistance to infections in 


general, or specific where resistance to a particular 
pathogen is concerned. 

Innate immunity may be considered at the level 
■of the species, race or individual. Species immunity 
refers to the total or relative refractoriness, to a 
pathogen, shown by all members of a species. For 
instance, all human being* are totally unsusceptible 
to plant pathogens and LO many animal pathogens 
such as rinderpest or distemper This immunity is 
something a person obtains by virtue of being it 
part of the human species. The mechanisms of 
species immunity are not clearly understood but 
may be due to physiological and biochemical 
differences between the tissues of the different host 

species-, which determine whether nr not a pathogen 
can multiply in them. An early insight into the basis 
of species immunity was gained by Pasteur's 
experiments on anthrax in hogs, which are naturally 
resistant to the disease but become susceptible when 

their body temperature ia raised from 25 “C to 
35 'C 

Within a species, different races may show 
differences in susceptibility to infections. This is 
known as racial immunity, the classic example of 
which is the high resistance of Algerian sheep to 
anthrax, Such racial differences are known to be 
genetic in origin, and by selection and inbreeding, 
it k possible to develop,, at will, races that possess 
high degrees of resistance or susceptibility to 
various pathogens. It is difficult to demonstrate 
marked differences in immunity in human races,, as 
controlled breeding is not possible in the human 
species. It has been reported that the people of 
Negroid origin in the USA are more susceptible 
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than the Caucasians to tuberculosis. But such 
comparisons are vitiated by external influences such 
as differences in socioeconomic levels. An 
interesting instance of genetic resistance to 

Phsmodwm falciparum malaria is seen in some 
parts of Africa and the Mediterranean coast. A 
hereditary abnormality of red cells (sickling), 
prevalent in the area, confers immunity to infection 
by the malarial parasite and may have evolved from 
the survival advantage conferred by it in a malarial 
environment. 

The differences in annate immunity exhibited 

by different individual* in a race is known as 
iridiv/tJuaJ jmmLMifey, The genefe basis of individual 
immunity is evident from studies cm the incidence 
of infectious diseases in twins. It is well documented 
that homozygous twins exhibit similar degrees of 
resistance or susceptibility to lepromatous leprosy 
arid tuberculosis. Such correlation is not seen ilk 
heterozygous twin®. 

Several factors influence the level of innate 
immunity in ail individual: 

Afce: The two extremes of life carry higher 
susceptibility to infectious diseases as compared 
with adults-The fetus in urero is normally protected 
from maternal infection by the placental barrier. 
Blit some pathogens cross this barrier causing 
overwhelming infection* resulting its feta] death- 
Snrne, such as rubella, herpes, cytomegaloviruses 
and 7(OopIa>ma gondjj, lead to eon gem it#! 
malformations, lire heightened susceptibility of the 
fetus to infection ss related to the immaturity of its 
immune apparatus. Newborn animals are more 
susceptible to experimental infections than older 
ones, Coxsackfe viruses cause fatal infection In 
suckling mice hut not in adults. 

Increased susceptibility in the young may, in some 
instances, he due to hormonal influence. Tinea capitis 
caused by Miceospomm audeminii frequently 
undergpeii spontaneous cure with the onset of puberty 
The susceptibility of the vaginal epithelium in 
prepubertal girls to gonococcal infection is another 
insmrux of the effect of sex burnt one-, on resistance. 


Some infection® like poliomyelitis and 

ehickenjKut tend to by more severe in adults than 
in young children, due to hypersensitivity that 
causes greater tissue damage. Conversely, hepatitis 
B virus infections in the newborn are usually 
asymptomatic because clinical disease requires 
adequate immune response which is lacking at that 
age. However, the virus multiplies unrestrained and 
such neonates end up as chronic viral carriers, often 
developing iatc hepatic complications. Old person.® 
are highly susceptible to infections due to the 
waning ol their immune responses and other 

infirmities like enlarged prostate leading to urinary 
stasis. 

Hormonal influence);: Endocrine disorders 
such as diabetes mellitus, hypothyroidism and 
adrenal dysfunction are associated with an enhanced 
susceptibility to infections. The high incidence of 
staphylococcal sepsis in diabetes may be related |o 
the increased level of carbohydrate® in tissue®. 
Corticosteroids exert an important influence on the 
response to infection. Thev depress the host’s 
resistance by their antiinflammatory and 
antiphagocytic effects and by the suppression of 
antibody formation and hypereenaitmty. They also 
haw a beneficial effect in that they neutralise the 
harmful effect of bacterial products such as 
endotoxins- The derated steroid level during 
pregnancy may be related to the heightened 
susceptibility ol pregnant women to many 
infection®. The reported effect of stress in increasing 
susceptibility to infections, may in some measure 
he due to the release of stcroids. 

XiUrithin: The infraction between malnutrition 
and immunity Is complex but, in general, both 
humoral and cell mediated immune processes arc 
reduced when there is malnutrition. Cell mediated 
immune responses such as the Mantoux test become 
negative in severe protein deficiency, as in 
kwashiorkor. Because of its wide prevalence, 
malnutrition may wdl be the commonest cause of 
5 mmunodcfic iency. 

Paradoxically, there is soine evidence that certain 
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Infections may nor become clinically apparent in 
the severely malnourished. Malarial infection in 
the famine stricken may not induce fever but once 
their nutrition is improved, clinical malaria 
develops, h has also been reported that some viruses 
may not multiply in the tissues of severely 
malnourished individuals. 

Mechanisms of Innate Immunity 

Epithelial surfaces; The intact skin and 
mucous membrane covering the body protect it 
considerably against invasion by microorganisms. 
They provide much more than a mechanical 
barrier. Healthy skin possesses bactericidal activity 
to which the presence of high concentration ol salt 
in the drying sweat, the sebaceous secretions and 
the long chain fatty acids and soaps contribute, 
When cultures of typhoid bacilli placed on healthy 
skin and on a glass surface are sampled at intervals,, 
the bacteria on the skin arc seen to he killed wi thin 
minutes, while those on glass survive for several 
hours. The bactericidal activitv of skin secretions 

j 

is illustrated by the frequent mycotic and pyogenic 
infections seen in persons who immerse their hands 
in soapy water for lung periods occupationally. 

Though the skin frees itself readily of bacteria 
deposited on it ( transients), its reactions are different 
to the bacterial flora normally resident on it. 
Resident flora are not easily removed even by 
washing and application of disinfcctants. 

Thc mucosa of the respiratory tract has several 
innate mechanisms of defence. The very architecture 
ol the nose prevents entry of microorganisms to a 
large extent, the inhaled particles being arrested at 
or near the nasal orifices. Those tbit pass beyond 
arc held by the mucus lining the epithelium, and 
arc swept back to the pharynx where they tend to 
he swallowed or coughed out. The cough reflex is 
an important defence mechanism of the respiratory 
tract. The cilia on the respiratory epithelial cells 
propel particles upwards. Nasal and respiratory 
secretions contain mucopolysaccharides capable of 
combining with influenza, and certain other viruses. 


Particles that manage to reach the pulmonary alveoli 
are ingested by the phagocytic cells present there. 

Tire mouth is constantly bathed in saliva which 
has an inhibitory effect tin many microorganisms. 
Particles deposited in the mouth ate swallowed and 
subjected to the action of the digestive j uices. The 
high at id i tv of the stomach destroys most 
microorganisms. The pH becomes progressively 
alkaline from the duodenum ro the ileum. The iicum 
contains a. rich and varied fluid and in the large 
intestine, the bulk of the contents is composed of 
bacteria. 

The intestinal rnucusa is Covered by a licebke 
network of mucus. Particles get enmeshed in the 
mucus and form small masses which are propelled 
by peristalsis. 

The conjunctiva is freed of foreign particles by 
the flushing action of lachrymal secretions. The 
eyes become susceptible to infection when 
lachrymal secretions arc absent. Tears contain the 
antibacterial substance lysozyme, first described by 
Fleming (1922). This is a thermolabile low 
molecular weight basic protein which acts as a 
imimminHut Lysozyme is present in tissue fluids 
and in nearly all secretions except cerebrospinal 
Hu«d, sweat and urine. It acts bv splitting certain 
polysaccharide components of the cell walls of 
susceptible bacteria. In the concentrations seen in 
fears and other secretions, lysozyme is active only 
against some nonpathogenic dram positive 
bacteria. However, it occurs in phagocytic cells, in 
concentrations high, enough to be lethal to many 
pathogens. 

The flushing action of urine eliminates bacteria 
from the urethra. Spermine and zinc present in the 
semen carry out antibacterial activity. The acidity 
of the adult vagina, due to the fermentation of 
glycogen in the epithelial cells by the resident 
aciduric bacilli, makes it inhospitable to many 
pathogens. 

Antibacterial substances in hlnod and 
tissues: The complement system possesses 
bactericidal activity and. plays an important role in 
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the destruction of pathogenic bacteria that invade 
the blood arid Tissues (see chapter 14), 

Several substances possessing antibacterial 
properties have been described in blood and tissues, 
These include (1) beta lysm, a relatively 
thermostable substance active against anthrax, and 
related bacilli; (2) basic polypeptides such as 
teutons extracted from leucocytes and plakins from 
platelets; {3} acidic substances* such as lactic acid 
found in muscle tissue and In the inflammatory 
zones; and (4) lactuperoxidase in milk. While these 
substances possess antibacterial properties 
demonstrable experimentally^ their relevance in the 
natural context is not clearly understood, 

A method of defence against viral infections is 
the production of interferon by cells stimulated by 
live or killed viruses and certain other inducers. 
Interferon has been shown ro be more important 
than specific antibodies in protection against and 
recovery from certain acute viral infections. Tissues 
and body secretions contain other antiviral 
substances. 

M icrohinl antagonisms: The skin and 
mucous surfaces have resident bacterial flora which 
prevent colonisation by pathogens. Alteration of 
normal resident flora may lead to invasion by 
extraneous microbes, causing serious diseases such 
as staphylococcal or clostridial enterocolitis 
following oral antibiotics. The importance of 
normal bacterial flora in native immunity is 
exemplified by the extreme susceptibility of* germ 
free animals to ail types of infections. 

Cellular factors in innate immunity; 
Natural defence against the invasion of* blood and 
tissues by microorganisms and other foreign 
particles is mediated to a large extent by phagocytic 
cells which ingest and destroy them. Phagocytic 
cells, originally discovered by Mctchrukoff (1883), 
were classified by him into mierophages and 
macrophages. Micro phage a arc polymorpho¬ 
nuclear leucocytes. Macrophages Consist of 
histiocytes which ate the wandering ameboid cells 
seen in tissues, the fixed reticuloendothelial cells 


and the monocytes in the blood. A itiijai 1 lunedu 
of the reticuloendothelial system is the removal of 
foreign particles that enter the body, Phagocytic 
cells reach the sites of inflammation in large 
numbers, attracted by chemoiactic substances, and 
ingest particulate materials. Capsulaced bacteria, 

such .ls pneumococci, arc not readily phagDcytoscd 

except in the presence of opsonin*. The} 1 are more 
readily phagocytosed when trapped against a firm 
surface such as the alveolar wall than when they 
are free in tissue fluids, Bacteria are phagocytosed 
into a vacuole (phagosome), which fuses with the 
lysosomcs found in the cell f<9 form the 
phagolysosome. The bacteria are subjected to the 
action of the lytic enzymes in the phagolysosome 
and arc destroyed. Some bacteria, such as brucella 
and lepra bacilli, resist intracellular digestion and 
may actively multiply inside the phagocytic cells. 
Phagocytosis in such instances may actually help 
to disseminate infection to different parts of the 
hod}'.The Importance<dFphagocytosis in protection 
against infection is evidenced by the enhanced 
susceptibility to infection seen, either when the 
phagocytic cells, ate depleted, as in ilyrflniriucytosis, 
or when they arc functionally deficient, as in 
chronic granulomatous disease, A class of 
lymphocytes called natural killer (NK) cells are 
important in nonspecific defence against viral 
infections and turnouts. They selectively kill virus 
infected cells and tumour ceils. NK cells are 
activated by interferons. 

Jnllammntinn: Tissue injury or irritation, 
initiated by die entry of pathogens or other irritants, 
leads to inflammation, which is an important, 
nonspecific defence mechanism. The arterioles at 
the site constrict initially and then dilate leading to 
an increased blood flow. There is a slowi ng of blood 
flow and margination of the leucocytes, which 
escape into the tissues by diapedcris and accumulate 
in large numbers, attracted hy the ehemntactic 
substances released at the rite of injury. 
Microorganisms are phagocytosed and destroyed. 
There is an outpouring of plasma, which helps to 
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dilure the toxic products present. A Fibrin barrier is 
laid, serving to wall off the sire of infection. 
Fever A rise of temperature following infection 
is. a natural defence mechanism. It not merely helps 
In accelerate the physiological processes hair may,, 
in some cases, actually destroy the infecting 
pathogens. Therapeutic induction of fever was 
employed for the destruction of Treponema 
p-jlUduni in the tissues of syphilitic patients before 
peniciltin became available. Fever stimulates the 
production of interferon and aids recovery' from viral 
infections. 

Acute phase proteins: Infection or injury 
leads to a sudden increase in plasma concentrations 
of certain proteins, collectively called acute phase 
proteins. These include C reactive protein (CRP), 
mannose binding protein, alpha-1-acid 
glycoprotein, scrum amyloid Pcomponent and many 
others. CRP and some other acute phase proteins 
activate cbe alternative pathway of complement. 
They arc believed to enhance host resistance, prevent 
tissue injury and promote repair of inflam matury 
lesions. 

AcQuikED Immunity 

The resistance that an individual acquires during 
life is known as acquired Immunity' as distinct from 
inborn innate immunity. Acquired immunity is of 
two types, active and passive. Active immunity is 
the resistance developed bv an individual as a result 
of an antigenic stimulus. It is also known as adaptive 
immunity as it represents an adaptive response of 
rhe host to a specific pathogen or other antigen. 
This involves the active functioning of the host’s 
immune apparatus leading to the synthesis of 
antibodies and the production of immunologic illy 
active cells. Active immunity sets in only after a 
latent period which is required for the 
immunological machinery to be set in motion, 
During the development of active immunity, there 
is often a negative phase during which the level of 
measurable immunity may actually be lower than 
it was before the antigenic stimulus. This is hecause 


the antigen combines with any pro-existing antibody 
and lowers its level in circulation. Once developed, 
the active immunity is long-lasting. Jfan individual 
who has been actively immunised against an antigen 
experiences the same antigen subsequently the 
immune response occurs more quickly and 
abundantly than during the first encounter. This is 
known as secondary resyion.se. Resides the 
development of humoral and cellular immunity, 
active immunity is associated with immunological 
memory. This implies that the immune system is 
able to retain for long periods the memory of a 
prior antigenic exposure and ro produce a secondary 
type of response when ir encounters rhe same 
antigen again. Active immunisation is more 
effective and confers better protection than passive 
immunisation. 

The resistance rhat is transmitted passively to a 
recipient in a 'readymade" form i s known as passive 
immunity . Here the recipient's immune system plays 
no active role. There is no antigenic stimulus; 
ins. trad, preformed anti bodies are administered. 
There is no latent period in passive immunity; 
protection being effective immediately after passive 
immunisation. There is no negative phase. The 
immunity is transient, usually Lasting for days or 
weeks, only till the passively transmitted antibodies 
me metabolised and eliminated. No secondary type 
response occurs in passive- immunity. Im fact, passive 
immunity diminishes in effect with repetition. 
When a foreign antibody is administered a second 
time, it is eliminated more rapidly than initially 
Following the first injection of an antibody such as 
immune horse serum, the elimination is only by 
metabolic breakdown but during subsequent 
injections of horse serum, elimination is much 
quicker as it combines with antibodies to horse 
serum that would have been produced following 
its initial injection, This factor of Immune 
dimiTutioj? limits the usefulness of repeated passive 
immunisation. Passive immunisation is less effective 
and provides an immunity inferior to that provided 
by active immunisation. The main advantage -of 
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passive inUDUnisalion is that it acts immediately 
and, therefore, can he employed when 'instant 
immunity it desired I. Table 10.1), 

Active immunity may be natural or artificial 
Natural active immunity results from either a 
clinical or an inapparcnt infection by a microbe. A 

person who has recovered [turn ail attack of i Vie isles 

develops natural active immunity. The Large majority 
of adults in the developing countries possess natural 
active immunity to poliomyelitis due to repeated 
Inapparcnt Infections with polioviruses during 
childhood. Such immunity is usually long-lasting 
but the duration varies with the type of pathogen. 
The immunity is lifelong following many viral 
diseases such as chicken pox or measles. In some 
viral diseases., such as influenza nr common cold, 
the immunity appears to be shortlived. Influenza 
can recur in an i ndividual after a few months or a 
vear but this is not sd much due to lack of the 
immunising capacity of the virus as to its ability to 
undergo antigenic variation so that immunity 
following the fint infection is not effective against 
t|ie second infection caused by an anhgeni.'.illv novel 
vmts. In common cold, the apparent lack of 
immunity is because the same clinical picture cart 
be caused by infect ion with a large number of 
different viruses.The immunity following bacterial 
infection is generally less, permanent than that 
following viral infections. Some, such as typhoid 
lever, induce durable protection. In syphilis, a special 
type of immunity' known a# 'premonition is seen, 

1 lere, the immunity to reinfection lasts only as long 
» the original infection remains active. Once the 
disease is aired, the patient becomes susceptible to 
the spirochete again. In chancroid, another venereal 
disease, caused by Haemophilus ducreyi , there does 
nor appear to be any effective immunity as the patient 
may develop lesions following reinfection even 
while the original infection i.s actor. 

Artificial active immunity is the resistance 
induced by vaccines. Vaccines are preparations of 
live or killed microorganisms or their products used 
for immunisation. 


Examples of vaccines, are as follows: 

1. Bacterial vaccines 

jl Live (BCG vaccine for tuberculosis) 

b. Killed {Cholera vaccine) 

c. Subunit \ Typhoid Vi antigen) 

d. Bacterial products (Tetanus toxoid) 

2, Vital vaccines 

a. Live (Oral polio vacant—Sabin) 

b Killed (Injectable polio vaccinc-Salk) 

t Subunit {Hepatitis 13 vaccine) 

Live vaccines initiate an infection without 
causing any injury or disease. The immunity 
following live vaccine administration therefore 
parallels that following natural infection though it 
may be of a lower order. The immunity lasts for 
several years but booster doses may be necessary. 
Live vaccines may be administered orally (as with 
the Sabin vaccine for poliomyelitis) or paienteraliy 
(as with the measles vaccine). Kilted vaccines are 
generally less immunogenic than live vaccines, and 
protection lasts only fora short prnod.They have, 
therefore, to he administered repeatedly generally 
at least two doses being required for the production 
of immunity' The first is known as the primary 
dose and the subsequent doses as booster doses. 
Kilted VUXUKt may lie given orally hut this route 
is generally not effective. Parenteral administration 
provides humoral antibody response, which may 
be improved by the addition of 'adjuvants’ (for 
example, aluminium phosphate). 

Natural passive immunity is the resistance 
passively transferred from mother to baby. In human 
infants, maternal anti bodies are transmitted 
predominantly through the placenta, while in 
animals such as pigs f transfer of antibodies occurs 
mainly orally through the colostrum. The human 
colostrum, which is also rich in IgA antibodies 
resistant to intestinal digestion, gives protection to 
the neonate.The human fetus acquires some ability 
to synthesise antibodies (IgM) from about the 
twentieth Week of life but Its immunological 
capacity is still inadequate at birth. It k only by 
about the age of three months that the infant 
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Table 10.1 Comparison of active and passive immunity 
Acriv? immunity 

Produced actively by host's imiiiLine iysum 
Induced by infection or by immunogens 
Durable effective ptHHtkm 
Immunity effective only after lag period 
Immunological memory* present 
Booster effect on subsequent do*e 
'Negjrivc phase 1 may occur 
Not applicable in die imm(Hwde4id*fir 

acquires some measure of immunological 
independence. Until then., maternal antibodies give 
passive protection against infectious diseases to the 
infant-Transport of antibodies across the placenta 
is an active process and Therefore the concentration 
of antibody in the fetal blood may sometimes be 
higher than that seen in the mother. Protection so 
afforded will ordinarily he adequate against all the 
Common infections diseases in the locality. It is for 
this reason that most pediatric infections are more 
common after the age of three months than in 
younger infants. Uy active immunisation of mothers 
during pregnancy, it is possible to improve the 
quality of passive immunity in the infants. 
Immunisation of pregnant women with tetanus 
toxoid in recommended for this purpose in 
communities in which neonatal tetanus is common. 

Artificial passive immunity is the resistance 
passively transferred to a recipient by the 
administration of antibodies. The agents used for 
this purpose are hyperimmune sera of animal or 
human origin, convalescent sera and. pooled human 
gamma globulin. These are used for prophylaxis 
and therapy. Equine hyperimmune seta such as 
ami tetanus serum and ATS prepared from 
hyperiimmunised horses used to be extensively 
employed,. They gave temporary protection but 
carried the disadvantages of hypersensitivity and 
immune elimination. Human hyperimmune 
globulin (for example, tetanus immune globulin, 
TIG) is free from those com plications and also 
gives, more lasting protection. Antisera of animal 


Passive immunity 

Received passively. No active host participation 
Readymade antibody transferred 
Transient, less effective 
Immediate immunity 
No memory 

Subsequent dose Less effective 
No negative phase 
Applicable in immunodeficient 

origin arc now recommended only where human 
preparations are not available (anti gas. gangrene 
and anti bofulmum sera; antivenoms.}. 

Convalescent sera (sera of patients recovering 
from infectious diseases) contain high levels of 
Specific antibody. fbaferf human gammaglobulin 
(gammaglobulin from pooled sera of healthy adults) 
contains antibodies against all common pathogens 
prevalent in the region. Convalescent sera and 
pooled human gammaglobulin were used for 
passive immunisation against some virus infections 
(like viral hepatitis A). Human gammaglobulin is 
also used in the treatment of patients with some 
immunodeficiencies. Gammaglobulin tends to 
aggregate and when injected intravenouaiy may 
cause anaphylactic reaction due to complement 
activation. They are therefore to be given only 
intramuscularly, It has to be ensured that all 
preparations from human sera are free irorn the 
risk of infection with hepatitis II, hepatitis C h HIV 
and other infective agents. 

Passive immuniiation is indicated for immediate 
and temporary protection in a nonimmunc host 
faced with the threat of an infection, when there is 
insufficient time for active immunisation to take 
effect. It is also indicated lor the treatment of some 
infections. Passive immunisation may also be 
employed for the suppression of active immunity, 
when the latter may be injurious. An example is 
the use of RIl immune globulin during delivery to 
prevent immune response tn the Rhesus factor in 
Rit negative women with Kh positive babies. 
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Sometimes a combination of active and passive 
methods- ol immunisation is employed. This is 
known a-s combined rinmunj-rafron. Ideally, 
whenever passive immunisation is employed for 
immediate protection, comb mud immunisation i$ 
to be preferred, as in the protection of a ntmiramune 
Individual with a tetanus-prone wound. The 
method is to inject TIG in one arm and the first 
dose of tetanus toxoid in the other. This is fallowed 
by the full course of phased tetanus toxoid injections. 
TIG provides the protection necessary till the active 
immuriity is able to take effect. 

A special type of immunisation is the injection 
of Lmmunologicallv competent lymphocytes. Hiss 
is known as adopriw futmurury and. does nut have 
ge neral application. Instead of whole lymphocytes, 
an extract of immunologic ally competent 
lymphocytes, known Ha the 'Transler factor*, can be 
uied. This has been attempted in the treatment of 
certain types of diseases (for example lepromarous 
leprosy). 

MikASUREME vr laF I MUl'\]T¥ 

The truly 1 valid measure m etit o f i o mum i ty it, to test 
the resistance of an individual to a challenge by 
the pathogen. This is, however,, not applicable since 
the challenge itself alters the state of immunity. It 

therefore, rot pn-.s 5 s.ibk to measure accurately the 
level of immunity in an individual. Estimates of 
immunity are generally made by statistical methods 
using large numbers ot individuals. 

A simple method of testing immunity ls to relate 
its Level to gome convenient indicator, such as 
demonstration of the specific antibody. This is not 
always reliable as the immune response to a 
pathogen consists of die formation of antibodies to 
several antigens present in it, as also to the 
production of cellular immunity The antibodies 
may be demonstrated by a variety of techniques such 
us .Lgjrh 1 ti 11 :l; 11 >n , precipitation, complement fixation, 
hemagglutination inhibition, neutralisation, ELISA 
and others. In the absence of exact information as 
to which antigen of the pathogen constitutes else 


protect?vf an rigen, serological attempts to measure 
immunity are at best only approximations, in some 
instances, as in diphtheria where pathogenesis is 
due to a well-defined antigen (the toxin), the level 
#f immunity can he assayed by in vitro or in vivo 
(Schick test) methods. Where protection is 
associated with tcll-mediatcd immunity, skin tests 
for delayed hypersensitivity and in vitro tests for 
CM! afford an indication of immunity. 

Local I stMl niti 

The concept of local immunity, proposed by 
Besredka (1919-24), has gamed importance in the 
treatment of infections which are localised or where 
it as operative in combating infection at the site of 
primary entry of the pathogen. In poliomyelitis, lor 
instance, systemic immunity provided by active 
immunisation with the killed vaccine neutralises 
the virus- when it enters the bloodstream, but it 
docs not prevent multiplication of the virus at the 
site of entry {the gut mucosa) and its fecal shedding. 
Tli]-- is achieved bv the local intestinal immunity 
acquired either as a result of natural infection or 
immunisation with the live oral vaccine. In 
influenza, immunisation with the killed vaccine 
elicits a humoral antibody response. But the 
antibody litre in respiratory secretions is often not 
high enough to prevent infection. Natural infection, 
or the live virus vaccine administered. LncranasaUy 
provides local immunity. A special class of 
immunoglobulins (IgA) forms the major 
component of local immunity. 

One type of IgA antibody called secretory IgA 
is produced locally by plasma cells present on 
mucosal surfaces or In secretory glands, There 
appears CO be a selective transport of such antibodies 
between the various mucosal surfaces and secretory' 
glands. Thus, following intestinal exposure to an 
antigen, the Specific IgA antibody and the plasma 
cells forming such an antibody can be demonstrated 
in breast milk-This indicates- the existence of a 
common mucosal or secretory immune system 
Besides providing local defence against 
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microorganisms, the mucosal lfflimuw system may 
also be invuW in handling various antigens that 
may come into contact with mucosal surfaces from 
the external environment or through food.. 

Hi HlJ | M Ml. MTV 

This refers to the overall level of immunity in a 
community and is relevant in the control of epidemic 
disc ascii. When a huge proportion of individuals in a 


community (had) are immune 10 a pathogen, the 
herd immunity to the pathogen is satisfactory. When 
herd immunity is. low, epidemics are Likely to occur 
on the introduction of a suitable pathogen, due to the 
presence of large numbers of susceptible individuals 
in the community. Eradication of communicable 
diseases depends on the development of a high level 
of herd immunity rather than on the development of 
•j. high level of immunity in individuals. 


Further Reading 

JanewayCA and P Travers 1994. Immuaahiok^y. London: Current hiolngy. 

Gab-ay C and I Kushner 1999. Acute phase pmneirii. \ JMed 34CM48. 
Kwairioowsky D. 2000. Susceptibility to infeerion. Bs Mtd j 321:1QAI. 

Rout IM. 1994. Essential /rmiiunofagy. K“ edu. I.Lindmi: RUclevrflll Scientific- 
Weir DM and j Stewart 1997. S'* 1 edn. Edinburgh: ChuschLll Livingitunc. 


Copyrighted, material 




An antigen has been defined as any substance 
which, when introduced parenlrrally into the body, 
srimwlwfes the production of an antibody with which 
ie reacts specific ally and in an observable manner. 
This traditional description of an antigen is no 
longer •comprehensive enough in the light of current 
concepts about the immune response. Some antigens 
may not induce antibodies but may sensitise specific 
lymphocytes leading to cell mediated immunity or 
may cause immunological tolerance. 

The word 'parenteral' (meaning, outside the 
Intestinal tract) is used in the definition because 
orally administered antigens are usually denatured 
by digestive enzymes and their antigenicity 
destroyed, So t hat no antibody formation takes- place. 

When given par enter ally, antigens do not undergo 
any such inactivation and can induce antibody 
production. However, there are exceptions and some 
antigens can be immunogenic when given orally, 
such as oral vaccines. 

The word "specifically’ in the definition is 
important as specificity is the hallmark of all 
immunological reactions. An antigen introduced 
into the bovlv reacts only with those particular 
immunocytcs (B or T lymphocytes) which carry 
the specific marker for that antigen and which 
produce an antibody or Cells complementary to that 
antigen only. The antibody so produced will reset 
only with that particular antigen and with Tin other, 
though immunological cross reaction may occur 

between closely related antigens, 

The two attributes of antigenicity arc (!) 
induction of an immune response (immuno- 
genicityj, and {!) specific reaction with antibodies 


or sensi tised cells (immunological reactivity). Based 
on the ability to carry out these two functions, 
antigens may be classified into different types. A 
complete antigen is able 60 induce antibody 
formation and produce a specific and observable 
reaction with the antibody so produced. Haptens 
are substances which arc incapable of inducing 
antibody formation by themselves but can react 
specifically with antibodies. (The writs hapten is 
derived from the Greek hzptcm which means 'to 
fasten’.) Haptens become immunogenic (capable of 
inducing antibodies) on combining with .1 larger 
molecule carrier. Haptens may be complex or 
simple; while enmp/es: haptens can precipitate with 
specific antibodies, simpfe haptens arc 
nonprecipitating. I’bev can inhibit precipitation of 
specific antibodies by the corresponding antigen 
or complex hapten. Complex and simple haptens 
have been described as polyvalent and univalent, 
respectively, since it is assumed chat precipitation 
requires the antigen to have two or more antibody 
combining sices. 

1 he smallest unit of antigenicity is known as 
the antigenic determinant Or epitope. The epitope 
ts that small area on due antigen, usually consisting 
of :our or five a mi noacid or monosaccharide 
residues, possessing a specific chemical stnicturc, 
electrical charge and steric [spatial) configuration, 
capable of sensitising an immunocyte and of 
reacting with its complementary site on the specific 
antibody or T-eell receptor. Epitopes maybe present 
as a single linear segment of" the primary sequence 
[sequential or linear epitope) or formed by bringing 
together on the surface residues from different sites 
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of tii l- peptide chain during its folding into [Lie 
tertian,' structure (conformational epitope). I tells 
recognise sequential epitopes, while B cells identify 
the tertiary configuration of the COflfomiitionaJ 
epitopes. The combining area on the antibody 
molecule, corresponding to the epitope, is called 
the paratope, Epitopes and paratopes determine the 
specificity of immunological reactions. Antigens such 
as bacteria or viruses carry many different types of 
epitopes, presenting an antigenic mosaic. The presence 
of the same or similar epitopes on different antigens 
accounts for one type of antigenic cross- reaction, 

DETERMINANTS OF ANTIGENICITY 

A number of properties have been identified which 
make a substance antigenic but the exact basis of 
antigenicity is still not clear. 

Sixer Antigenicity is related to molecular size. Very 
large molecules, such as hcmocyanins {MW 6.75 
million), are highly antigenic and particles with 
low molecular weight (less than 5000) are 
nnnantigcnic or EeebLv so. Tow molecular weight 
substances may be rendered antigenic by adsorbing 
them on large inert panicles such as bentonite or 
kaolin. Some low molecular weight substances 
(such as pi cry! chloride, formaldehyde and 
penicillin) may be antigenic when applied on the 
shin, pmhably by combining with tissue proteins. 
They arc haptens of Low Lnimunngeiucity, effective 
in some persons only and related to hypersensitivity. 
Chemical nature:: Most naturally occurring 
antigens are proteins and polysaccharides. Lipids 
and nucleic acids are Less antigenic. Their 
antigenicity is enhanced by combination with 
proteins. A certain degree of structural diversity is 
required for antigenicity. That probably explains 
why proteins which are composed of about 2Q 
different a mi no acids arc better antigens than 
polysaccharides which have only four or five 
monosaccharide units. However, not all proteins 
arc antigenic. A well-known exception is gelatin, 
which is nonimnrmnogenic because of its structural 
unstability. 
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Susceptibility to tissue enzymes: Only 
substances which are metabolised and arc 
susceptible to the action of tissue enzymes behave 
as antigens. Antigen* introduced into the body are 
degraded by the hose into fragments of appropriate 
size containing the antigenic determinants. 
Phagocytosis and intracellular enzymes appear to 
play an essential role in breaking down antigens 
into immunogenic fragments. Substances 
unsusceptible to tissue enzymes such as polystyrene 
latex are not antigenic. Substances very rapidly 
broken down by tissue enzymes are also not 
antigenic. Synthetic polypeptides, composed ofD- 
aminoacids which are rot metabolised in the body, 
are not antigenic, while polypeptides consisting of 
L-aminoacids are antigenic. 

Foreigimesfi: Only antigens which arc 'foreign 1 
to the individual (nonself) induce an immune 
response. The animal body contains numerous 
antigens which induce an immune response when 
introduced into another individual or species. An 
individual does not normally mount an Immune 
response against bis nwn normal constituent 
antigens- "Chis was first recognised by Ehrlich who 
proposed rhe concept of'horror autotoxicus’ (which 
means fear of selfepnisoning). Tolerance of self 
antigens is conditioned by contact with them during 
the development of the immune apparatus. 
Breakdown of this homeostatic mechanism results 
In autoimmunisaTion and autoimmune disease. 

In general, the antigenicity of a substance is 
related to the degree of its fortigmxss. Antigens 
from other individuals of the same species arc less 
antigenic than those from other species. Antigens 
from related species are less antigenic than those 
from distant species. 

Antigenic specificity" The basis of antigenic 
specificity is stereochemical, as was first 
demonstrated by Obermaycr and Pick and 
confirmed by Landsteiner. Using haptens such as 
Utoxyl coupled with protein, it was shown that 
antigenic specificity in determined by single 
chemical groupings and even by a single acid 
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rfl.dka]. The importance of the position of the 
antigenic determinant group in the antigen 
molecule was. evidenced by the differences in 
specificity in compounds, ’with the group attached 
at the ortho, meta or pars positions- The influence 
of spatial configuration of the determinant group 
was shown by differences in antigenic specificity 
of the cfexmo, leva and meso isomers of substances 
such as tartaric acid. 

Antigenic specificity is not absolute. Cross 
reactions can occur between antigens which bear 
stereochemical similarities. In some instances, 
apparent cross reactions may actually be due to the 
sharing of identical antigenic determinants by 
different antigens. 

The specificity' of natural tissue antigens of 
animals may be considered under different categories 
as species, iso-, auto- and organ specificities. 
Species specificity: Tissues of all individuals 
in a species contain species-specific antigens. There 
exists some degree of cross-reaction between 
antigens from related species. This immunological 
relationship parallels phylogenetic relationships. It 
has been used in tracing evolutionary relationships 
between species. It also has forensic applications 
in die identification of the species of blood and of 
seminal stains. Phylogenetic relationships are 
reflected in the extent of cross reaction between 
antigens from different species that cause 
hypersensitivity. An individual sensitised to horse 
serum will react with serum from other cquincs 
but may not do so with bovine serum. 
t&ospeL'iflcity: Isoantigcns arc antigens found 
in some but not all members of a species, A species 
may be grouped depending on the presence of 
different isoantigcns in its members. The best 
examples Of isoantigcns ate the human erythrocyte 
antigens based on which individuals can be 
classified into different blood groups. These arc 
genetically determined. They are of clinical 
importance in blood transfusion and in 
isoimmunisafion during pregnancy. They were of 
help in determining disputed paternity cases, but 


have been supplanted by the more discriminatory 
DNA fingerprinting tests. Blood groups find 
application in anthropology, 

Histocompatibility antigens arc those cellular 
determinants specific to each individual of a species. 
They are recognised by genetically different 
individuals of the same species when attempts are 
made to transferor transplant cellular material from 
ore individual to another [described in Chapter 
15). 

A u in specificity: Autologous or self antigens 
are ordinarily nonantigenic but there are exceptions. 
Sequestrated antigens that are not normally found 
free in circulation or tissue fluids (such as eye lens 
protein normally confined within its capsule) are 
not recognised as seif antigens. Similarly, antigens, 
that arc absent during embryonic life and develop 
later {such as sperm) are also not recognised as self 
antigens. 

Organ specificity: Some organs, such as the 
brain, kidney and fens protein of different species, 
share the same antigen. Such antigens, characteristic 
of in organ or tissue and found in different species, 
are called organ specific antigens. The 
neuroparalytic complications following antirabic 
vaccination using sheep brain vaccines arc a 
consequence of brain specific antigens shared by 
sheep and human brings, The sheep brain antigens 
induce immunological response in the vaccinees, 
damaging their nervous tissue. 

I lelerogcnetic (heterophile) specificity: 
The same or dosefy related antigens may sometimes 
occur, in different biological species, classes and 
kingdoms. These are brown as heterogeneric or 
heterophile antigens, best exemplified bp the 
Forssman antigen which is a lipid carbohydrate 
complex widely distributed in many animals, birds, 


plants and bacteria. It is absent in rabbits, so anfi- 
Forssman antibody can be prepared in these 
animals. Other heterophile antigens are responsible 
for some diagnostic serological reactions in which 
antigens unrelated to etiological agents are employed 
{heterophile reaction). The Weil—Felix reaction in 
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typhus fever, the Paw] Bunnd test in infectious 
mononucleosis and the cold agglutinin test in 
primary atypical pneumonia are examples. 

Biological Clashes of Ant omens 

Depending on their ability to induce antibody 
formation antigens are classified as Teel! dependent 
(TD) and T cell independent (TI) antigens. 
Antibody production is the property of B 
svniphtKytes. For t he full expression of thi', function, 
however, the cooperation of T lymphocytes is 
necessary. Some antigens can directly stimulate 
antibody production by B cells, without the apparent 
participation of T cells. Such antigens are called Tf 
antigens. Others that require T cell participation to 
generate an iitmnuiK response are called TD antigens. 

Several important differences exist between 
TI and TD antigens. TT antigens are structurally 
simple, being composed ol a limited number of 
repeating epplopes, as- in fhe case of the 


pneumococcal capsular polysaccharide, bacterial 
lipopolysacc ha rides and the flagellar protein 
flagcllin. Their immune response is critically dose 
dependent. Too little is noninimunogtnic, while too 
much results in immunological tolerance rather 
than immunity. Their antibody response is usually 
limited to IgJVi and IgG3. They do not show 
immunoJogical memory, '11 antigens do not appear 
to require preliminary processing by macrophages. 
They are metabolised very slowly and remain in 
the body for long periods. 

TD antigens, on the other hand, are &mie rurally 
more complex, such as erythrocytes,, scrum proteins 
and a variety of protein-hapten completes. They 
are immunogenic over a wide dose range and do 
not cause tolerance readily. They induce the full 
gamut of immunoglobulin isotypes—IgM, IgG, IgA 
and IgE, They show immunological memory, 
require preliminary processing, and are rapidly 
metabolised in the body. 


I* urthtn 14 ending;, 

Weir DM and J Stewart 1997. Immanciog}-, 8th dn. Edinburgh; Churchill Livingstone. 
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immunoglobulins, but all immunoglobulins may not 
be antibodies. 

Immunoglobulins constitute 20-25 per cent of 
the total serum proteins. Based o n physicochemical 
and antigenic differences, five classes of 
immunoglobuli ns haw been recognised—IgG, IgA;, 
IgM, IgD and IgE. (Both Ig and J are accepted 
abbreviations for immunoglobulins). 

Structure 

Studies involving the cleavage of the 
immunoglobulin molecule, poineered by Porter, 
Edelinan, Nisonotl and theix colleagues, have led 
to a detailed picture of its structure. Rabbit IgG 
antibody to egg albumin, digested by papain in the 
presence of cysteine, was split into two fractions— 
an insoluble fraction which crystallised in the cold 
[called Fc for urintaiJis.ihh), and a soluble fragment 
which,, while unable to precipitate with egg 
albumin, Could still bind with it. Tins fragment is 


called the Fab (antigen binding) fragment. Each 
molecule of immunoglobulin is split by papain into 
three parts, one Fc and two Fab pieces, having a 
sedimentation coefficient of 3.5 S. When treated 
with pepsin, a 5 S fragment is obtained, which is 
composed essentially of two Fab fragments held 
together in position. It is bivalent and precipitates 
with the antigen. This fragment is called Ftab%. 
The Fc portion is digested by pepsin into smaller 
fragments (Fig. 12.2). 

Immunoglobulin* are glycoproteins, each 
moleeule consisting of two pairs of polypeptide 
chains of different sizes. The smaller chains are 
called ‘light' (L) chains and the larger ones 'heavy 1 
(H) chains. The L chain has a molecular weight 
of apprnni mately 25,000and the H chon n of50,000. 
The L chain is attached to the H chain by a 
di sy Iphidc bond. The two H chain* are joined 
together by 1-5 S-S bonds, depending on the class 
of immunoglobulins (Fig. 12.3). 




Fig. 12.2 Basic structure ol an immunoglobulin molecule and the fragments obtained by the cleavage by 
papain and pepsin 
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The H chains are structurally and antigenically 
distinct for each class and arc designated by the 
Greek letter corresponding to the immunoglobulin 
dass. as shown bdow: 


Immunaghtsuiia chtsj 

II chan 

IgG 

y (gamma) 

IgA 

H (alpha) 

lgM 

|i (mu) 

IgD 

& (delta) 

_ 

E (epsilon) 


The I, chains arc similar in all classes of 
immunoglobulins. They occur in two varieties, 
kappa [k) and lambda (4). A molecule of 
immunoglobulin may have either kappa or lamhda 
chains, but never both together. Kappa and lambda 
are named after Korngold and La pari who originally 
described them- The kappa and l&mbda chains occur 
in a ratio of about 2:1 in human sera. 

The antigen combining she of the molecule is 
it its aminotermimis, It is composed of both L and 
H chains. Studies on the primary structure of I, 
and H chains show that they consist of two portions 
each- Of the 214 jminnuuid residues that make up 
the L chain, about 107 that constitute the 
carboxyterminal half, occur only in a constant 
sequence. This part of the chain is therefore called 
the 'constant region 1 . Oidy two sequence patterns 
are seen in the constant region — those determining 
the kappa and /ambda specificities. On the other 
hand, the amirtuidd sequence in the affliftOterminal 
half of the chain is highly vanahlc, the variability 
determining the immunological specificity of the 
antibody molecule. It is; therefore called tin - Variable 
region.ITicHchain also has- 'constant'and Variable' 
regions, WliiUr in dve L chain the two regions ate of 
equal length, in the H chains the variable region 
constitutes, approximately only a fifth of the chain and 
is located at its ami noterminus. ‘line infinite range of 
the antibody specificity of irnmuncglubulms depends 
on the variability ot the aminoacid sequences at the 
Variable regions' of the H and L chains which form 
the antigen combining sites. 



Fig 12.3 The four^^plide chain shuclunft dlthe IgG 

rtio'ncuk' composed el two identical heavy (Hi and 

iwg identical ligni (L| chains linked by Interchains 

dkubihide bands. Loops formed by jnfrachain 

disulphide sends ate domains (shown stippled). 
Each chain has one domain In (he variable region 
(VH end VL, Each Mglat chain has one domain in 
Ihe canalant region (CL) while each heavy chain 
has ihree domains tn me can slam region ;CH' CW 
anil CH J ‘j- Between CH' and CH : is (he hinge region. 

T lie amino-acid sequences at the variable regions 
of the L and H chains arc not uniformly variable 
along their length, but consist 1 :<1 re I at ivclv invarkiblc 
and some highly mrl.ihlc zones, The highly variable 
zones numbering three in the L and four in the H 
chains are known ns hypcrViitfiable regions lor hot 
>pots 1 and arc involved with the formation of the 
antigen binding sites. The si Irs tin the hypervariablt 
regii i n.s that make actual contact with the epitope 
arc called 'complementarity determining regions' 
or CDRs, 

The Fe fragment is eamposed ot the 
earbnsyterminal portion ot tile H chains. It docs 
not possess antigen combining activity bun 
determines the biological properties of the 
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immunoglobulin molecule such is complement 
fixation,, placental transfer, skin fixation and 
catabolic rate. The portion of the H chain present 
in the fab fragment is called the ft/ piece. The H 
chain carries a carbohydrate moiety which is distinct 
for each class of immunoglobulins. 

Each irmtiunoglahulin peptide chain has 
internal disulphide links in addition to interchain 
disulphide bands which bridge the H and L chains. 
These interchain disulphide bonds form loops in 
the peptide chain, and each of the loops is compacdy 
folded to farm a globular domain h each domain 
having a separate function. The variable region 
domains, VL- and VH f arc responsible for rhe 
formation of a specific antigen binding site, The 
CH J region in IgG binds Clq in the classical 
complement sequence, and the CH ; domain 
mediates adherence to the monocyte surface. The 
areas of the H chain in the C region between the 
first and second C region domains (CH : and CH J ) 
is the hinge region, It is more flexible and is more 
exposed to enzymes and chemicals, Papain acts here 
to produce one Fc and two Fab fragments (Fig. 
12.3). 


Immunoglobulin Classes 

Human sera contain IgG, IgA, IgM, Igld and IgK 
in the descending order of concentration. Table 
12.1 shows, their characteristics, 

IgG: This is the major serum immunoglobulin, 
constituting about SO per cent of the total. It has a 
molecular weight of 150,000 (7S), IgG may 
occasionally ex is* in a polymerised farm. It is; 
distributed approximately equally between the 
intravascular and cxtravascular compartments. It 
Contains less Carbohydrate than other 
immunoglobulins, It has a half-life of 
approximately 23 days. The catabolism of IgG is 
unique in that it varies with its serum concentration. 
When, its level is raised, as in chronic malaria, kala 
nz.ir or myeloma, the IgG synthesised against a 
particular antigen will be cataholised rapidly and 
may result in the particular antibody deficiency. 

Conversely, in hypogammaglobulinemia, the IgG 
given for treatment will be catabolised only slowly. 
The normal serum concentration of IgG is about 
8-lb mg per ml. 

IgG is the only maternal immunoglobulin that 


Table 12.1- Some properties of immunoglobulin classes 



IgG 


IgM 

IgD 

IgE 

Sedimentation coefficient (S) 

7 

7 

19 

7 

8 

Molecular weight 

150,000 

160,000 900,000 

180,000 190,000 

Semin concentraiion (mg/ml) 

12 

2 

1.2 

0.03 

0-00004 

Half life (days) 

23 

6 

5 

2-8 

1-5 

Daily production (mg/kg) 

34 

24 

3.3 

0.4 

0.0023 

lntrarucukr distributiM {per rent) 

45 

42 

SO 

75 

50 

Carbohydrate {per cent) 

Complement fixation 

3 

£ 

12 

13 

12 

Clamed 

+ + 

- 

* + • 

- 

— 

Alternative 

- 

+ 

— 

- 

— 

Placental transport 

+ 

- 

- 

- 

- 

Present in milk 

Selective -secretion by 

+ 

+ 




sere mu cus glands 

— 

f 

- 

— 

- 

Heat stability (56 °CJ 

4- 

+ 

■f 

+ 

— 


' IrA mi}' occur in 75, '?5 and. 31S form. 
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is normally transported across the placenta and 
provides natural passive immunity in the newborn. 
It is not synthesised by the ictus in any significant 
amount. lgG hinds to microorganisms and enhances 
their phagocytosis. Extracellular killing of target 
cells coarcd with lgG antibody is mediated through 
recognition of the surface Fc fragment; by K cells 
bearing the appropriate receptors. Interaction of IgG 
complexes with platelet Fc receptors probably leads 
to aggregation and vasoactive amine release. IgG 
alone, amt mg human immunoglobulins, can fix itself 
to guinea pig skin, but the significance of this 
property is not known. lgG participates in most 
immunological reactionH such as complement 
fixation, precipitation, ant! neutralisation of toxins 
and viruses. It maybe considered a general purpose 
antibody, protective against those infectious agents 
which are active in the blood and tissues. Passively 
administered IgC suppresses the homologous 
antibody synthesis by a Feedback process. This 
property is utilised lei the Isounmunisatiun of women 
hy the administration of anti-Rh(D) lgG during 
delivery. With most antigens, IgC is a late antibody 
and makes its appearance alter the initial immune 
response which is IgM in nature. 

Four subclasses of IgG have been recognised 
(IgG I, lgG2, igG3, IgG4), each possessing a 

distinct type of ginima chain, identifiable with 
specific antisera. The lour IgU subclasses are 
distributed in human serum in the approximate 
proportions of 65 per cent, 23 per cent, 8 per cent 
and 4 per cent, respectively 

IgA is the second most abundant class, 
constituting about 10-13 per cent of serum 
immunoglobulins. The normal serum level is 0.6- 
4.2 mg per ml. It has a half life of 6-R days. It is 
the major immunoglobulin IP the colostrum, saliva 
and tears. 

IgA occurs in two forms. Serum IgA is 
principally a monomeric 7S molecule (MW about 
160,000}. IgA found on mucosal surfaces and in 
secretions is a dimer formed by two monomer units 
joined Together at their carboxyl ef mi nals by a 


glycopeptide termed the} chain (J for joining). 
This is called the Hccrctory IgA (SlgA). Ui meric 
SIgA is synthesised by plasma cells situated near 
the mucosal or glandular epithelium. The J chain 
is also produced in the same cells. J chains are 
present also in other polymeric immunoglobulins 
such as IgM (Fig. 12.4). 

SlgA contains another glycine rich polypeptide 
called the secreroiy component ■ n secretory piece. 
This is not produced by lymphoid cells but by 
mucosal or glandular epithelial cells Dimeric IgA 
binds to a rcccpror on the silt , ace of the epithelial 
cells and is endocytosed and transported across the 
cells to the luminal surface. During this process, a 
part of the receptor remains attached to the IgA 
dimer. This part is known as the secretory 
component. The secretory piece is believed to 
protect IgA from, denatuifition by bacterial 
proteases in sices such as the intestinal mucosa 
which have a rich and varied bacterial flora. SlgA 
is a much larger molecule than scrum IgA (1 IS; 
MW about 400,000}. 

SlgA is selectively concentrated in secretions 



Fig, 12.4 Seer&tohy IjjA. 1. Heavy chain. 2. UgM chain, 
3. J chain. 4. Secretory component. S. Disulphide 
bond 


Copyrighted material 
















* Antibodies —ImmunogilDbins * 


89 


and on mucus surfaces farming an 'antibody paste 
and is believed ro play an important role in local 
immunity against respiratory and. intestinal 
pathogens. Secretory IgA is relatively resistant to 
the digestive engines and reducing agents, IgA 
antiljndies may function by inhibiting the adherence 
of micmniganisinz to [he surface of mucosal cells 
by covering the organisms and thereby preventing 
their entry into body tissues. IgA does not fix 
complement but can activate the alternative 
complement pathway. It promotes phagocytosis and 
intracellular killing of microorganisms. 

Two IgA subclasses have been described,. lgA t 
and lgA f . IgA 2 lacks interchain disulphide bonds 
between the heavy and light chains. Though lgA J 
is a minor component of serum IgA, it is the 
dominant form in the secretions. 

IgM; IgM constitutes 5-8 per cent of serum 
iimnunoglobulins, with a normal level of 0,5-2 mg 
per ml. It has a half-life of about: five days. It is a 
heavy molecule (19$;. mol, wr 900,000 to 1,000,000, 
hence called "the millionaire molecule' ). IgM 
molecules are polymers of five four-pcpiidc subunits, 
each bearing an extra CH domain (Fig. 12.5). As 
wirh IgA, polymerisation of the subunits depends 
upon the presence of the J chain. Though the 
theoretical valencv is ten, this is observed only with 
small haptens. With larger antigens, the effective 
valency falls to five, prohablv due to steric hindrance. 
Most of IgM (SO per cent) is intravascular in 
distribution. Phylogenetic ally, IgM is the oldest 
immunoglobulin class. It is also the earliest 
immunoglobulin to be synthesized by [he fetus, 
beginning by about 20 weeks of age. As it is not 
transported across the placenta, the presence of IgM 
in the fetus or newborn indicates intrauterine 
infection and its detection is useful in the diagnosis 
of congenital infections such as syphilis, rubella, 
HIV infection and toxoplasmosis. IgM antibodies 
are relatively shorr lived, disappearing earlier than 
IgG. Hence, thtir demonstration in sentm indicates 
recent infection. Treatment of serum with 0,12M 
2-mcrcaptOCthano] selectively destroys IgM 



fig- 12,5. IgM molecule- 1, Heavy chain- 2- light. 

3. J chain. 

without affecring IgG antibodies. This is a simple 
method for the differential estimation of IgG and 
IgM antibodies. 

The isohemagglutinins (anti-A, anti-B) and 
many other natural antibodies to microorganisms 
are usually IgM, as also andbodics to typhoid 'O’ 
antigen (endotoxin) and re a gin antibodies in 
syphilis. 

The unique structural features of IgM appear 
particularly suited to the biological role of 
providing protection against microorganisms and 
other Luge antigens that have repeating antigenic 
determinants on their surface. A single molecule 
of IgM can bring about immune hemolysis, 
whereas 1000 IgG molecules are required for the 
same effect, IgM is also 500-1000 times more 
effective than IgG in opsonization, lQCl times more 
effective in bactericidal action and about 20 Times 
in bacterial agglutination. In the neutralisation ot 
toxins and viruses, however, it is less active than 
IgG. Being largely confined to the intravascular 
space, IgM is believed to be responsible for 
protection against blood invasion by 
microorganisms, IgM deficiency is often associated 
wirh septicemias. 

Monomeric IgM is tile major antibody receptor 
on the surface of B lymphocytes for antigen 
recognition. 
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l|fl> IgD resembles Ig*J structurally. It is present 
in a concentration of about 3 mg per 100 ml of 
serum and is mostly intravascular. Ir has a half-life 
of about three days. IgD and IgM occur on the 
surface of unsdmulated B lymphocytes and serve 
to recognition receptors tor antigens. Combination 
of eel! membrane bound IgD or IgM with the 
corresponding antigen leads to specific stimulation 
eh the B cell—either activation and cloning in 
produce antibody, or suppression. 

UK: This immunoglobulin was discovered in 1966 
by Ishizaka during the investigation of atopic reagin 
antibodies. Jt is an 8S molecule (MW about 
190,000), with a half life of about two days. It 
resembles JgG structurally. Jr exhibits unique 
properties such as hear lability (inactivated at 56 °C 
in cute hour) and affinity for the surface of tissue 
cells (particularly mast cells) of the same species 

(homocytotropism). It mediates the Prausnirz- 
Kustncr reaction. It is susceptible to 

ntCrCapCoCthanoL It dues not pass the placental 
barrier or fix complement, li is mostly eictravascukr 
m distribution. Normal setum contains only traces 
(a tew nanograms per ml) but greatly elevated levels 
are seer, in atopic (type 1 allergic) conditions such 
as asthma, hay fever and eczema. Children living 
lt'l insanitary conditions,, with a high load of 
intestinal parasites, hsive high scrum levels of lg£, 
lg£ is chiefly produced in the linings of the 
respiratory and intestinal traces. IgE deficiency has 
been associated with IgA deficiency in individuals 
with impaired immunity who present undue 
susceptibility to infection. 

IgE is responsible for the anaphylactic type of 
hypersensitivity. The physiological role of IgE 
appears to be protection against pathogens by mast 
ceil dcgranulation and release of inflammatory 
mediators. Ir is also believed to have a special role 
in defence against helminthic infections. 

in general, IgG protects the body fluids, IgA the 
budv surfaces and IgM the bloodstream, while IgE 
mediates rcagmic hypersensitivity 1 : JgD is a recognition 
molecule on the surface of B lymphocytes. 


Aes.norvial Ikmi:aoc3].ohui.ins 

Apart from antibodies, other structurally similar 
proteins are seen in scrum in many pathological 
processes, and sometimes even : .n healthy persons. 

I he earliest description of .m abnormal 
immunoglobulin was the discovery by Bence Jones 
(1847) of the protein tint bears his name. Bence 
Jones protein is found typically in multiple 
myeloma. It can be identified in urine by its 
characteristic property of coagulation when heated 
to 50 rJ C but fL'diRsnlvi ng at 70 f C- Bence Jones 
proteins arc the light chains of immunoglobulins 
and so may occur as the kappa or lambda forms. 
But in any one patient, the chain is either kappa nr 
lambda only, and never both, being uniform in all 
other respects also. This is because myeloma is a 
plasma cell dyscrasia in which there is unchecked 
proliferation of one clone of plasma cells, resulting 
in the excessive production of the particular 
immunoglobulin synthesised by the done. Such 
immunoglobulins ire, therefore .called monoclonal. 

Multiple myeloma may affect plasma cells 
synthesising TgG, IgA, IgD or IgE. Similar 
involvement of IgM producing cells is known us 
Walden strum's nti craglob nlin r m i. j , In this 
condition, there occurs ctccssivt production of the 
respective myeloma proteins (M proteins} and of 
their light chains (Bence Jones proteins). A different 
disorder h found in 'heavy chain disease', which is 
a lymphoid neoplasia characterised by the 
overproduction of the Fc parts of the tmmuno- 
gluhulin heavy chafos- 

Cryoglobulinemia is a condition in which there 
is the formation of a gel or a precipitate on cooling 
rise serum, which redissolvts on wanning. It may 
not always be associated with disease but is often 
found in myelomas, tn acroglob uli ne mi as and 
autoimmune conditions such as systemic lupus 
erythematosus. Most cryoglobulins consist of cither 
LgG, IgM or their mboed precipitates- 

Because of die monoclonal nature of Bence 
Junes and other M proteins, they have been 
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valuable models for the understanding of 
immunoglobulin structure and function. 

hlMUlVOGLOBtfl IiN SFItGlPtClTIBS 

The immunoglobulin specificity of the greatest 
biological importance is idiotypic specificity 
pertaining to the nature of the antigen binding sites 
(paratopes). The specific antigenic determinants on 
the paratope arc called tdiotopes. The sum total of 
idiotopcs on an lg molecule constitutes its idiotype. 

By immunisation with Fab fragments, 
anti idiotypic antibodies can be produced. These 
resemble the epitopes of the original antigen, Used 
as- a vaccine., these show protection against the 
original antigen (pathogen or tumour) in 
experimental animals, Sequential antiidiotypic 
antibody formation is the basis of Jerne’s network 
hypothesis of immune regulation, 

Immunoglobulins exhibit other genetically 
determined specificities based on their antigenic 
structure. The antigenic specificities which 
distinguish between the different classes and 
subclasses of immunoglobulins present in all normal 
individuals of a given species are termed isotypic 


specificities, Antigenic specificities which 
distinguish immunoglobulins of the same class, 
between different groups of individuals in the same 
species, arc called, allotypic specificities. 

Immunoglobulin allotypes have been studied in 
detail in the rabbit and guinea pig by using type- 
specific immune sera. Such deliberate immunisation 
is not possible in human beings, but antiallotype- 
specritic antibodies may develop following blood 
tranfusion or passage of maternal IgG into the fetus. 
Antiallotypc antibodies arc also found in sera 
containing 'rheumatoid arthritis factor. 

Two allotypic systems are known in humans - 
the Gm system (for gamma marker) and the InV 
system (abbreviation of patient’s name). The Cm 
is associated with the Fc portion, of the IgG heavy 
chain. Mote than 25 Gm types have been identified 
so far. The InV system is associated with the kappa 
light chain and so haH been renamed Km. Three 
Km allotypes have been identified. 

Genetic markers associated with IgA are called 
L Am\ To date, in the human system no allotypic 
markers have been, found for lambda light chains 

or p, 6 OF £ heavy chains. 
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Antigens and. antibodies, by definition, combine 
with each other specifically arid in an observable 
manner. The reactions between antigens and 
antibodies serve several] purposes. In the body* they 
form the basis of antibody mediated immunity in 
infections diseases, or of tissue injury ir some types 
of hypersensitivity and autoimmune diseases. In 
the laboratory, they help in the diagnosis of infections, 
in epidemiological surveys, in the identification of 
infectious agents and of iwninieetious antigens such 
as enzymes. In general;, these reactions can be used 
for the detection andt|uanritation of cither antigens 
or antibodies. Antigen-antibody reactions in vitro 
are known as iTero/ogrcsif reactrops. 

The reactions between antigens and antibodies 
occur in three stages. The primary stage is the initial 
interaction between rhe two, wirhour any visible 
effects. This reaction is rapid, occurs even at low 
temperatures and obeys rhe general laws of physical 
chemistry and thermodynamics. The reaction is 
reversible, the combination between antigen and 
antibody molecules being effected by the weaker 
intetmolecular forces such as Van der Waal's forces, 
ionic bonds and hydrogen bonding, rather than by 
the firmer covalent bonding. The primary reaction 
can be detected by estimating iree and bound antigen 
or antibody separately in the reaction mixture by A 
number of physical and chemical method 5 , 
including the use of markers such as radioactive 
isotopes, fluorescent dyes or ferritin. 

In most instances, but not all, the primary stage 
is followed by the secondary stage, leading to 
demonstrable events such as precipitation, 
agglutination, lysis of cells, killing of five antigens, 


neutralisation of toxins and other biologically active 
antigens, fixation of complement, immobilisation 
of motile organisms and enhancement of 
phagocytosis. When such reactions were discovered 
one by one, it was believed that a different type of 
antibody was responsible for each type of reaction 
and the antibodies came to be designated by the 
reactions they wert: thought to produce. Thus, the 
antibody causing agglutination was called 
qggArtinin, that causing precipitation prcapitm t and 
so on, and the corresponding antigen, agglutinogen, 
pmipstinogen, and so on. By the 1920s, this view 
was replaced by Zinsser’s Unitarian hypothesis 
which held that an antigen gave rise to only one 
antibody, which was capable of producing all the 
different reactions depending on the nature of the 
antigen and the conditions of the reaction. Both 
Ebese extreme views are fallacious. While it is true 
that a single antibody can cause precipitation, 
agglutination and most of the other serological 
reactions, it is also true that an antigen cm stimulate 
the production of different classes of 
immunoglobulins which differ in their reaction 
capacities as well as in other properties (Table 13.1). 

Some aoligen—: autibody reactions occurring iri vivri 
initiate chain reactions that lead to neutralisation or 
destruction of injurious antigens, or to tissue damage. 
These are tertiary reactions and include humonal 
i mmuni cy against infections diseaseas as well as dimed 
aUeigy and other Immunological diseases. 

General F bat likes of 
Antigen -Anti body Reactions 
Antigen-antibody reactions have the following 
general characteristics;: 
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Table 13.1 Comparative e<1 iciency of the immunoglobulin classes in different serological reactions 

Reaction IgG IgAI IgA 

Precipitation Strung Weak Variable 

A^lurination Weak Strong Moderate 

Complement fixation Strong Weak Negative 


1. The reaction is specific, an antigen combining 
only with its homologous antibody and vice 
versa. The specificity, however, is not absolute 
and 'cross-reactions 1 2 3 4 5 6 may occur due to antigenic 
similarity nr rdatedness, 

2. Entire molecules react and not fragments. When 
an intigenie determinant present in a large 
molecule or on a ‘carrier 1 particle reacts with 
its antibody, whole molecules or particles arc 
agglutinated. 

3. iTene is no denaruration of the antigen or the 
antilMwJy during the reaction. 

4. The combination occurs at the surface. Therefore, 

it is the Surface antigens that are 
immunologically relevant, Antibodies to the 
surface antigens of infectious agents arc 
generally protective. 

5. The combination is firm but reversible, The 
firmness ot the union is influenced by the affinity 
and avidity of the reaction. Affinity' refers to the 
intensity of attraction between the antigen and 
antibody molecules. It is a. function of the 
closeness of fit between an epitope and the 
antigen combining region of its antibody. 
Avidity is the strength of the bund after the 
formation of the antigen-antibody complexes. 
It reflects the overall combining property' of the 
various antibody molecules in an antiserum, 
possessing different affinity' constants with the 
multiple epitopes of the antigen. 

6. Both antigens and antibodies participate in the 
formation of agglutinates of precipitates. 

7„ Antigens and antibodies can combine in varying 
proportions, unlike chemicals with fixed 
valencies. Both antigens and antibodies ate 
multivalent. AntibHxIics arc generally bivalent, 


though IgM molecules may have five or ten 
combining sites. Antigens may have valencies 
UpTO hundreds. 

Measurement of Antigen and 
Antibody 

Many methods arc available for the: measurement 
of antigens and antibodies participating in the 
primary, secondary or tertiary reactions. 
Measurement maybe in terms of mass (for example, 
mg nitrogen) or more commonly as units or dire. 
The antibody ticre of a serum is the highest dilution 
of the serum which shows an observable reaction 
with the antigen in tbc particular test. The title af 
a scrum is influenced by the nature and quantity of 
the antigen and the type and conditions of the test. 
Antigens may also be titrated against sera. 

Two important parameters of serological tests 
are sensitivity and specificity. Sensitivity refers to 
tbc ability of tbc test to detect even very minute 
quantities of antigen or antibody. When a test is 
highly sensitive, fake negative results will be absent 
or minimal, Specific! ry refers to the ability of the 
test to detect reactions between homologous 
antigens and anti bains only, and with no other, In 
a highly specific test, false positive reactions are 
absent or minimal. In general, sensitivity and 
specificity of 3 test are in inverse proportion. 

Originally, reagents for serological tests were 
prepared by individual laboratories, leading to batch 
variation, and lack of reproducibility and 
comparability. The commercial availability' of 
ready-made standardised test kits has simplified test 
procedures, improved quality and greatly enlarged 
their scope and use. 
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SEPOLOGICAL REACTIONS 

Prboipitatiow Reaction 

When a soluble antigen combines with its antibody 
in the presence of electrolytes [NaCl) at a suitable 
temperature arid pH, the antigen-antibody complex 
forms an insoluble precipitate. When, instead of 
sedimenting, the precipitate remains suspended as 
floccules, the reaction is known as /Joccu/afion. 
Precipitation can take place in. liquid media or in 
gels such as agar, agarose or polyacrylamide. 

The amount of precipitate formed is greatly 
influenced by the relative proportions of antigens 
and antibodies. If increasing quantities of antigens 
are added to the same amount of antiserum in 
different rubes, precipitation will be found to occur 
most rapidly and abundantly in one of the middle 
tubes in which the antigen and antibody are present 
in optimal or equivalent proportions. In the 
preceding tubes in which the antibody is in excess, 
and in the later tubes in which the antigen is in 
excess the precipitation will be weak or even ahsc-eur. 


For a given antigen^antibody system, the optimal 
or equivalent ratio wiJJ be constant, irrespective of 
the quantity of the reactants. If the amounts of 
precipitate in the different tubes are plotted on a 
graph, the resulting curve will have three phases: 
an ascending part [prozone or zone of antibody 
excess), a peak {zone of equivalence) and a 
descending part [postzoneor zone of antigen excess) 
{Fig, 13-1)- This is called the zone phenomenon. 
Zoning occurs in agglutination and some other 
serological reactions. The prozonc r of importance 
in clinical serology, as sera rich in antibody may 
sometimes give a false negative precipitation or 
agglutination result, unless several dilutions are 
tested. 

Mechanism of Precipitation 

Marracik {1934) proposed the lattice hypothesis to- 
explain the mechanism of precipitation. According 
to this concept, which is supported by considerable 
experimental evidence and is now widely accepted, 
multivalent antigens combine with bivalent 
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Fig. 1^.1 A quantitative precipitation test showing: A. prozone [zone ol antibody excess], 0. zone ol 
equivalence, c. zone of antigen excess 
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antibodies in varying proportions, depending on the 
antigen-antibody ratio in the reacting mixture. 
Precipitation results wKert j large lattice is furmed 
consisting of alternating antigen and antibody 
molecules. This is possible only in the zone of 
equivalence. In the zones of antigen or antibody 
excess, the lattice does not enlarge, as the valencies 
of the antibody and the antigen, respectively, are 
fully satisfied (Pig. 15.2) The lattice hypothesis 
holds good for agglutination also. 

Applications of Prhcipitation 
Reaction 

The predpitatjcit test may he carried out as either a 
qualitative or quantitative test. It is very sensitive in 
die detection of antigens and as tittle as 1 pgoi protein 
can he detected hy precipitation tests. It rherefon: finds 
forensic applicadon in the identification of'blood and 
seminal stains, and in testing fur loud adulterants. 
Precipitation i$ relatively Less sensitive for the detection 
of antibodies. 


The following types of precipitation and 
flocculation tests arc in common use: 

King test; This, the simplest type of precipitation 
test, consists of layering the antigen solution over a 
column of antiserum in a narrow tube. A precipitate 
forms at the junction of the two liquids. Ring tests 
have only a tew clinical applications now. Examples 
are Agouti's thermoprecipitin test and the grouping 
of streptococci by the La nce fi d d technique. 

Slide teaC When a drop each of the antigen and. 
antiserum arc placed on a slide and mixed by 
shaking, f) occults appear, The VDR1- test for 
syphilis is an example of slide flocculation. 

Tube test; The Kahn test tor syphilis is an 
example of a tube flocculation test. A quantitative 
tube flocculation test is employed for the 
standardisation of toxi ns and toxoids. Serial dilutions 
of the toxin/toxoid arc added to the tubes containing 
a fixed quantity of the antitoxin. The amount of 
toxin or toxoid that flocculates- optimally wirh one 
unit of the antitoxin "is defined as an Lf dose, 



Fig. 13.2 Mechanism of precipitation by lattice formation. In A (antigen excess) and C (antibody excess), 
lattice formation does, not occur. In B (zona of equivalence}, lattice formation and precipitation occur optimally. 
The dark spheres indicate antigen and the spindles bivalent antibody molecules. 
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Fig. 13.3 Ditterenl lypes of imnignod Itfusl o<n; 1, Single diffusion in one dimension Oudmj 2 Double iittu-sion 

to one dimension kley-Fuir* 3. Radial in 4. Double Jii m two dim^nsicms 

(Ouchieriony), ahpwmg reaction of miiiy A y menllly or ■ alodn • 0 I lucn nl ?••>! ..-Jsness 
!C|. The wells marked S -contain antiserum and unmarked wells contain antigens. 


Immunodiffusion {Precipitmiiin in gtrfft 
There arc several advantage* in allowing 
precipitation to occur in a rather than in a liquid 
medium. The reaction is visible as a distinct band 
of precipitation, which is stable and can he stained 
for preservation, If necessary. As each antigen- 
antibody reaction gives rise to a line of precipitation, 
the number of different antigens in the reacting 
mixture can he readily observed. Immunodiffusion 
also indicates identity, cross-reaction and nonidentity 
between different antigens. 

Immunodiffusion is usually performed in a soft 
(I%1 agar or agarose gel. Different modifications 
of the test are available: 

1. Single diffusion in one dimension (Oudin 
procedure): The anribodv is incorporated in agar 
gel in a test tube and rhe antigen solution is layered 
over it. The antigen diffuses downward through 
the agar gel, forming a line of precipitation that 
appears to move downwards. This is due to the 


precipitation formed at the advancing front of the 
antigen, and U dissolved a* the concentration of 
antigen < r the Hite increases dm i».■ dirfiision. flic 
number i if b.ir.d- indicates the number ofdiffwetit 
antigens present. 

J. Lkntble diiiusum in one dimension (( 
Fishharpe procedure): Here, rhe antibody is 
incorporated in gel, above which is placed a 
column >: pLiin _.ii- I in- antigen is layi i : 
top "t -In-, i inrigen ,uid intibudy move 
towards each other through the intervening 
column t plain agar and loin hand u: pns pi re 
where : 1 1 L-v meet at optimum u. i 
J, Sing/e drthjsj'on in rfvn dimensions ("Radial 
irr I .■ rr u tnn it H- ■■ j n): Here the anti serum j s 
incorporated in agar gel jk ured n a flat surface 
(slide or Pfetri dishj, The .inrig; - is added to the 
wells cut on the surface of liu gel. It diffuses 
radially from the well and forms ring-shaped 
bands of precipitation hi • concentrically 
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around the well. The diameter of the halo gives 
an estimate of the concentration of the antigen. 
This, method has been employed for the estimation 
of the itmminogiobuSin classes in sera, and tor 
screening sera tor antibodies to influenza viruses! 
among others. 

4 .. Double diffusion in two dimensions 
(Quchrerfany procedure): This is the 
immunodiffusion method most widely employed 
and helps To cOrrtpaTC different antigens and 
antisera directly. Apr gel is poured on a slide and 
wells are cut using a template. The antiserum is 
placed in the central well and different antigens 
in the sumjundirg wells. I t two adjacent antigens 
are identical, the lines of precipitate formed by 
them will fuse. It’ they are unrelated, the tines 
will truss each other- Cress-reaction or partial 
identify is indicated by spur formation (Fig. 13.3). 
A special variety of double diffusion in two 
dimensions is the Elek test for reutigenicity in 
diphtheria bacilli. When diphtheria bacilli are 
streaked at right angles to a filter paper strip 
carrying the antitoxin implanted on a plate of 
suitable medium, arrowhead shaped lines of 
precipitation appear on incubation, if the bacillus 
is toxigenic. 

,5. Immunoclcrtrophores is: The resolving power 
of immunodiffusion was greatly enhanced when 
f ri'stbar and Williams devised she technique of 
ImntunoeIcctrophoresis, This involves the 
elect! ophoretic separation of a composite antigen 
{such as serum) into its. constituent proteins, 
followed by immunodiffusion against its antiserum, 
resulting in ■separate precipitin lints, indicating 

reaction between each individual protein with its 
antibody. This enables identification and 
approximate quantitation ot the various proteins 
present in the scrum.The technique is performed 
on agar or agarose gel on a slide, with an antigen 
well arid an antibody trough cut on it.. The test 
serum is plated in the antigen well aflj 
eleccrophorcsed for about an hour. Antibody 
against human serum is then placed in the trough 


and diffusion allowed to proceed for 18-24 hours. 

The resulting precipitin lines can be photographed 
and the slides, dried, stained and preserved for 
record. Over 30 different proteins can be identified 
by this method in human serum. This is useful 
for testing for normal and abnormal proteins in 
serum and urine (Fig. 13.4), 
tileclroimmunodiffusion: The development 
of precipitin lines can be speeded up by electrically 
driving the antigen and antibody. Various methods 
have been described combining electrophoresis 
with diffusion. Of these, onc-dtmensional double 
elec iroitn mu nod I ffu s io a (coun rerim m uno- 

clcctrophn rests) and one’dime ns ion a l single 
eleciroimmunodiffusion (rocket electrophoresis) 
arc used frequently in the clinical laboratory. 

J, Counterimmunoe/ccrropbomH fCf£, counter* 
current Immunoelectrophoresish This involves 
simultaneous electrophoresis of tire antigen and 
antibody in gel in opposite directions resulting in 
precipitation at a print between them (Fig. 13.5). 
This method produces visible precipitation lines 
within thirty minutes and is ten times more 
sensitive than the standard double diffusion 
techniques. The clinical applications are for 
detecting various antigens such as alphafetoprocein 
in serum and specific antigens of cryptococcus and 
meningococcus its the cerebrospinal fluid, 

2. One tirmeosfoml sntgie eiectmimnttaiodiffuiion 
irocket ekxtrophorcskh The main application of 
this technique is for quantitative estimation of 
antigens. The antiserum to the antigen to be 
quantitated is incorporated in agarose and gelled 
on the glass slide. The antigen, in increasing 
concentrations, is placed in wells punched in the 
set gel. The antigen is then elcccrophoresed into 
the antibody containing agarose (Fig. 13.6). The 
pattern of unmunopreeipitarion resembles 3 racket 
and hence the name. 

A variant of this is Laurel Is two-dimensional 
electrophoresis. In this technique, the antigen 
mixture is first elertropboretically separated in a 
direction perpendicular to that of the final racket 
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Fig. 13-4 Immunoelectrophoresis 1 SamisoUd agar 
tapered on Itie glass slide. A wefl (or antigen and 
a trough For antiserum cul out of agar. 2. Antigen 
well Filled with human serum,3, Serum separaled 
by electrophoresis. 4. Antiserum trough tilted with 
antiserum to whole human serum. 5. Serum and 
antrum allowed to diffuse mio agar. 6. Precipitin 
lines lorn For individual serum proteins. 


stage. Ry this method one can quantitate each of 
several antigens in a mixture (Fig. 1X7). 

aggluthnatio-n REACTION 

When a particulate antigen is mixed with its antibody 
in the presence of electrolytes at a suitable temperature 
and pH, the panicles are dumped or agglutinated. 
A gg lutinatifln i:-i more sensitive than pred pi ration for 
the dcBectu m of antibodies. 'Hie same principles govern 
agglutination and precipitation. Agglutination occurs: 
optimally when antigens and antibodies react in 
equivalent proportions. The zone phenomenon may 
be seen when either an antibody or an antigen is in 
excess, ‘Incomplete or 'monovalent 1 antibodies do not 
cause agglutination, though they combine with the 
antigen. They may act as ‘blocking 1 antibodies, 
inhibiting agglutination by rbe complete antibody 
added subsequently. 

Aum icatkins at' AaciMJTiNATiON 
R E ACTION 

Slide .1 tj.gliii i tin 1 lari: When a drop of tile 
appropriate antiserum is added to a smooth, uniform 
suspension of a particulate antigen in u drop of saline 
on a slide or tile, agglutination takes place, A positive 
result ts indicated by the clumping together of the 
particles and the clearing of rbe drop. The reaction 
is facilitated by mixing the antigen and the 
antiserum with a loop or by gently roc king the slide. 
Depending on the time of the scrum, agglutination 
may occur instantly or within seconds. Clumping 
occurring after a minute may be due to drying of 
the fluid and should be disregarded. It is essential 
to have on the same slide a control consisting of 
the antigen suspension in saline, without the 
antiserum, to ensure that the antigen is not 
autoagglutinable, Agglutination is usually visible 
to the naked eye hut may sometimes require 
confirmation under the microscope, Slide 
agglutination is a routine procedure for the 
identification of many bacterial isolates from 
clinical specimens. It is also the method used for 
blood grouping and cross-match Log. 
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Electrophor elic u urren! 



Fsg. 13.5 CouoterimtnunoeSscifoph&tesis ICIEi Anliflefi 
and antibody an? driven together by an eleclfic 
eurtem and a predpitph tine forms. 



% 13.$ Hocke; eieciropho-rersis. Anligen is driven into 

gtn combining witeody 1 . Arm body in agemt gel 
2. Precipftinarea 3. Antigen wells 4. Increasing 
antigen concentration. 

To he nggUuimnlion: This is a standard 
quantitative method for the measurement of 
antibodies. When a fured volume ot a paniculate 
antigen suspension is added to a.n equal volume ol 
serial dilutions of an antiserum in test tubes, the 
agglutination litre of the serum can be estimated. 
Tube agglutination is routinely employed for the 
serological diagnosis of typhoid, brucellosis and 
typhus fever, 

In the Widal test used in typhoid, two types of 


antigens arc used.l"he TT or the flagellar antigen 
on combining with its antibody forms large, loose, 
fully clumps resembling wisps ot cottonwool The 
C? or somatic antigen f urtnt tight, compact depi^m 
resembling chalk powder. Agglutinated bacilli 
spread out in adbrtilte parrem jt the bottom of the 
tubes. 

The rulic agglutination test for brucellosis may 
be complicated Eiy the promne phenomenon and 
the presence of’blocking' antibodies Several 
dilutions of rhe serum should be tested to prevent 
false negative results due to prozone. Incomplete 
or blocking ;inCihndies may he defected by doing 
the test in hypertonic (5%'' saline or albumin saline, 
or mure reti-i bty hv the antiglobulin (Coombs) test, 

The Weil-KVIix reliction for serodi agnosia of 
typhus fevers is a heterophils agglutination test and 
is based on the sharing o! a common antigen 
between typhus rickettsiar and some strains of 
proteus bacilli. Another example of the tie temp Kile 
agglutination test is the Streptococcus MG 
agglutination test for tlic diagnosis of primary 
atypical pneumonia. 

Examples of agglutination. tests usmg red cells 
as jnfigens are the Paul Runnel test and the cold 
agglutination test. The former is bused on the 
presence ot sheep cell agglutinins in the sera of 
infectious mononucleosis patients, which are 
adsorbed hv UStml cells but not try guinea pig JudneV 
extract, fhc cold agglutination Icsr is positive in 
mycoplasmal (primary atypical) pneumonia. The 
patient^ sera agglutinate human O group 
erythrocytes at 4*C, the agglutination heing 
reversible at 37 D C, 

I'he antiglobulin (Coombs) tost; The 
antiglobulin rest was devised by Coombs, Mourant 
and Race (1945) for the detection of anti-Rh 
antibodies that do not agglutinate Rh positive 
erythrocytes in saline- When sera containing 
incomplete anti-Rh antibodies are mixed with Rh 
positive red cells, the antibody globulin coats the 
surface of the erythrocytes, though they are not 
aggluti mted. When such erythrocytes coated with 
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Precipitin 



F'g.13.7 Laurell a variant ol rotktu electrophoresis jtwo-dimensinnal unmunofilectmphoresis|. - i -m run: anllgens 
are separated 00 the bans of electrophoretic mobility. The second run ai right angles to first drives the 

pntleens into the antiserum containing gel to term precipitation pe&Hs. The area Ol (he is proportional 

to the concentration el the antigen, 


the antibody globulin arc washed free of all 
unattached protein and treated wirh a rabbit 
antiserum against human gammaglobulin 
(antiglohuEin or Coombs sserum), the ceils are 
agglutinated. Tills i* the principle of the antij^ubulin 
test (Fig. 13.8), 

The Ctjotribs test may he direct or indirect- In 
the direct Coombs test, the sensitisation of rhe 
erythrocytes with incomplete antibodies takes place 
in vivo, as in the hemolytic disease of the newborn 
due to Kb incompatibility, When the red cells of 
cry thro bias tot ic infants are washed free of 
unattached protein and then misted with a drop of 
Coombs ^enim, agglutination results. The direct 
Coombs test is; often negative in hemolytic disease 
due to ABO incompatibility. 

In the indirect Coombs test, sensitisation of ted 
cells with the antibody globulin is performed in 
vitro. Originally employed for detection of anti- 
Rh antibodies, the Coombs test is useful for 
demonstrating any rype of incomplete or 
nonagglutinating antibody, as, for example, in 
brucellosis. 

Passive iigglulmcituin lest: I he only 
difference between rhe requirements for the 
precipitation and agglutination tests is the physical 
nature of tile antigen. By attaching soluble antigens 


to the surface of carrier pann k>, it is possible to 
convert precipitation rests into . I urination teste, 
which are more convenient and >rt sensitive for 
the detection of antibodies. >lu . tests are known 
as pas.sjyc Agglutinatum it'STS. 

The commonly used carrier p .ini tie- are red 
cells, latex particles or bentonite, I I u or sheep 
erythrocytes adsorb a variety ol" antigen-. 
Polysaccharide antigens may be uki ■! b-.S l>y simple 
mixing with the cells. For nU<.u ptiun of protein 
antigens, tanned red cells are used. 

A special type of passive hci wggJuiifta ion rest 
is the Ruse Waaler test. In he imaioid arthritis, 
art autoanribody (RA factor) .r- in the scrum, 
which acts as an antibody to I’.imt lagSnbuliu. The 
RA factor is able to .. I•» J 11,.; ■ ltd cells coated 
with globulins. "Hie antigen use 1 fur the test is a 
suspension of sheep erythrocytes sensitised with a 
subagglutinating dose of rabbit antishccp 
erythrocyte antibody (amboceptor). 

Polystyrene latex, which can be manufactured 
as uniform spherical particles,0,8-1 m in diameter, 
can adsorb several types of antigens. Latex 
agglutination tests (latex fixation tests) are widely 
employed in the clinical laboratory for the detection 
of ASO, CRT RA factor, HCG and many other 
antigens. 
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Passive agglutination tests are very sensitive and 
yield high titres, but may give false positive results. 
When instead of the antigen, the antibody is 
adsorbed to carrier particles in tests fur estimation 
of antigens, the technique is known as reversed 
passive agglutination. 

COMPLEMENT FIXATION TEST (CFT) 

Complement takes part in many immunological 
reactions and is absorbed during the combination of 
antigens with their antibodies. In the presence of die 
appropriate antibodies, complement lyses erythrocytes, 
kills and, in some cases, lyses bacteria, immobilises 
motile organisms, promotes phagocytosis and immune 
adherence and contributes to tissue damage in certain 
types of hvperscnsitivity. 

The ability' of antigen antibody complexes to 


'fix' complement is made use of in the complement 
fixation test (CFT). This is a very versatile and 
sensitive tent, applicable with various types of 
antigens and antibodies and capable of detecting as 
lirtlc as 0.04 mg of antibody nitrogen and 0,1 mg 
of antigen. CFT is a complex procedure consisting 
of two steps and five reagents—antigen, antibody, 
complement, sheep erythrocytes and amboceptor 
{rabbit antibody to sheep red cells). Each of these 
reagents has to be separately standardised. 

The antigen may be soluble or particulate. The 
antiserum should be heated at 56 °C [inactivated) 
for half an hour before the test to destroy any 
complement activity' the serum may have and also 
to remove some nonspecific inhibitors of 
complement present in some seta 
(anticomplementary activity). The source of 



Fig 13.6 Antiglobulin (Coombs! tesl. Rh positive erythrocytes (!) an mixed with incomplete antibody (2) The 
antibody coats the cells (3) bul, being incomplete, cannot produce agglutination, On addition of 
anliglobuHn serum (4) which Is complete antibody to immunoglobulin, agglutination lakes place. 
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complement 3S guinea pig serum. As complement 
idvity is heat labile, the serum should be freshly 
drawn, or preserved either in the lynphilised or 
frozen state or with special preservatives, as in 
Richardson’s method. The guinea pig serum should 
be titrated for complement activity. One unit or 
minimum hemolytic dose (MHD) of complement 
is defined as the highest dilution of the guinea pig 
serum that lyses one unit volume of washed sheep 
erythrocytes in the presence of excess hemolysin 
(amboceptor) within a fixed rime (usually 30 or 60 
minutes) at a fixed temperature [3? ^C). The 
amboceptor should be derated for hemolytic activity. 
One MHD of amboceptor is defined as the least 
amount (or highest dilution) of the inactivated 
amboceptor that lyses one unit volume of washed 
sheep erythrocytes in the presence of excess 
complement within a fixed time (usually 30 or 60 
minutes) at a fixed temperature (3? "Cj.The diluent 
used for the titrations and lot C FT is physiological 
saline with added calcium and magnesium ions. 
The classical example of CFT is the 
Wasscrmann reaction, formerly the routine method 
for the scrodiagnosis of syphilis. The test consists 
of two steps. In the first, the inactivated serum of 
the patient is i neyhated at 37 *'C for one hour with 
the Wassermann antigen and a fixed amount (two 
units) of guinea pig complement. If the serum 
contains syphilitic antibody the complement will 
be utilised during the antigen antibody interaction. 
If the serum does not contain the antibody, no 
antigen-antibody reaction occurs and the 
complement will therefore be left intact. Testing 
for complement in the postincubation mixture will 
thus indicate whether the serum had antibodies or 
not. This constitutes the second step in the test and 
consists of adding sensitised cells (sheep 
erythrocytes coated with 4 MHD hemolysin), and 
incubating at 37 "C for 30 minutes. Lysis of the 
erythrocytes indicates that complement was not 
fixed in the first step and, therefore, the scram did 
not have the antibody (negative CFT). Absence of 
erythrocyte lysis indicates that the complement was 


used up in the first step and, therefore, the serum 
contained the antibody (positive CFT) (Fig, 13-9V 
Appropriate- controls should be used, including 
the following: antigen and serum controls to ensure 
that they are not anticomplementary, complement 
control to ensure that the desired amount of 
complement is added, ami cell control tn see that 
sensitised erythrocytes do not undergo lysis in the 
absence of complement. 

Indirect complement Fixation test: 
Certain avian (far example, duck, turkey, parrot) and 
mammalian (for example, horse, cat] sera do not fix 
guinea pig complement. When such sera arc to be 
tested, the indirect complement fixation test may be 
employed. Here the test is set up in duplicate and 
alter the first step, the standard antiserum known to 
fix complement is added to one set. If the test serum 
contained antibody, the antigen would have been used 
up in the first step and therefore the standard antiserum 
added subsequently would not be able to fix 
complement. Therefore, in the indirect test, hemolysis 
indicates a positive result. 

(lung In i muting complement absorption 
test For systems which do not fix guinea pig 
complement, an alternative method is the 
cQfigluiinating complement absorption test. This 
uses horse complement which is nonhemolytic. The 
indicator system is Sensitised sheep erythrocytes 
mixed with bovine serum. Bovine serum contains a 
beta glohulin component called conglutinin, which 
acts as antibody to complement. Therefore, 
conglutinin causes agglutination of sensitised sheep 
erythrocytes (conglutination) if they have 
combined with complement. If the horse 
complement had been used up by the antigen- 
antibody interaction in the first Step, agglutination 
of sensitised cells will not occur. 

Other complement dependent 
serologic si I tests: When some bacteria (for 
example, Vibrio cholerae. Treponema pallidum) 
react with the specific antibody in the presence of 
complement and particulate materials such as 
erythrocytes or platelets.,. the bacteria are aggregated 
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and adhere to the cells. This is known as immune 
adherence. The immobilisation rest is another 
t-KJicnplement dependent reaction, In the Treponema 
pallidum immohiUtation test, a highly specific test 
formerly considered the 'gold standard’ for the 
serudiagnosis of syphilis,, the test serum is mixed 
with a live motile suspension of T. pallidum in the 
presence of complement. On incubation, the specific 
antibody inhibits the motility of treponemes. 
Cytolytic or cytoddal rests- are also complement 
dependent. When a suitable live bacterium, such as 
the cholera vibrio, is mixed with its antibody in the 
presence- of complement, the bacterium is killed and 
lysed. This forms the basis of thevibriocidal antibody 
test for the measurement of antichoicra antibodies. 

NEUTRALISATION TESTS 

\"inns neutralisation tests: Neutralisation 
of viruses by their antibodies can be demonstrated 
in various systems. Neutralisation of bacteriophages 
can be demonstrated by the plaque inhibition test. 
When bacteriophages ate seeded in appropriate 
dilution on lawn cultures of susceptible bacteria, 
plaques of lysis are produced. Specific amtiphage 
serum inhibits plaque formation. Neutralisation of 
animal viruses can be demonstrated in three systems 
- animals, eggs and tissue culture. 


Toxin neutralisation: Bacterial exotoxins are 
good antigens and induce the formation oi 
neutralising antibodies (antitoxins) which arc 
important clinically, in protection against and 
recovery from diseases such as diphtheria and 
tetanus. The toxicity of endotoxins is not neutralised 
by antisera. 

Toxin neutralisation car he tested in vivo or in 
vitro. Neutralisation tests in animals consist of 
injecting toxin-antitoxin mixtures and estimating 
the least amount of antitoxi n that prevents death or 
disease in the animals. With the diphtheria toxin, 
which in midi doses Causes a cutaneous reaction, 
neutralisation tests can be done on rabbit skin. The 
Schick test is based on the ability of circulating 
antitoxin to neutralise the diphtheria toxin given 
intrade finally, and indicates immunity or 
susceptibility to the disease. Toxin neutralisation 
in vitro depends on the inhibition at same 
demonstrable toxic effect. An example is the 
antistreptolysin O test, in which antitoxin present 
in patient sera neutralises the hemolytic activity ol 
the streptococcal O hemolysin, 

0PS0NISATI0N 

The name opsonin' was originally given by Wright 
(1903) to- a heat labile substance present in fresh 


I. ANTIGEN + TEST SERUM 
{CONTAINS ANTIBODY) 

+ COMPLEMENT 



- COMPLEMENT FIXED 


+ HEMOLYTIC SYSTEM 


II. ANTIGEN * TEST SERUM 
{CONTAINS NO ANTIBODY) 

+ COMPLEMENT 
+ HEMOLYTIC SYSTEM 



RESULT - NO HEMOLYSIS 
POSITIVE CF TEST 


COMPLEMENT NOT FIXED 


RESULT-HEMOLYSIS 
NEGATIVE CF TEST 


Fig. 13,9 Complement final-ion test 
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normal sera, which facilitated phagocytosis* This 
factor was subsequently identified as complanent. 
A heat stable scram factor with, similar activity was 
called ‘hacterintrupin'. TTiii appears to be a specific 
antibody. The term opsonin is now generally used 
to refer to both these factors. Wright used the 
'opsonic index' to study the progress of resistance 
during the course of diseases. The opsonic index 
was defined as the ratio of the phagocytic activity 
of the patients blood for a given bacterium., to the 
phagocytic activity of blood from a normal 
individual- It was measured by incubating fresh 
titrated blood with the bacterial suspension at 
37 ®C for IS minutes and estimating the average 
number of phagocytosed bacteria per polymorpho 
nuclear leucocyte [phagocytic index) from stained 
blood films. 

IMMUNOFLUORESCENCE 

Fluorescence is the property of absorbing light ray? 
of one particular wavelength and emitting rays with 
a different wavelength* Fluorescent dyes show up 
brightly under ultraviolet light as they convert 
ultraviolet into visible light. Coons and his 
colleagues {1942) showed that fluorescent dyes can 
be conjugated to antibodies and that such labelled' 
antibodies can be used to locate and identify 
antigens in tissues, This fluorescent antibody 1 or 
immunofluorescence technique has several 
diagnostic and research applications. 

In its simplest forms (direct immuno¬ 
fluorescence test), it can be used for the 
identification of bacteria, viruses or other antigens* 
using the specific antiserum labelled with a 
fluorescent dye. For example, direct irpnnuuO" 
fluorescence is routinely used as a sensitive method 
of diagnosing rabies, by detection of the rabies virus 
antigens in brain smears. A disadvantage of this 
method is that separate fluorescent conjugates hare 
to he prepared against each antigen to be tested, 
The ‘indirect immunofluorescence test 1 overcome? 
this difficulty by using an antiglobulin fluorescent 
conjugate. An example is the fluorescent treponemal 


antibody test for the diagnosis of syphilis. 1 lere, a 
drop of the test serum is placed on a smear of X 
pallidum on a slide and alter incubation* the slide 
is washed well, to remove all free serum, leaving 
behind only antibody globulin, if present, coated 
on the surface of the rrcpcmemes.The smear is then 
treated with a fluorescent labelled antiserum to 
human gammaglobulin* The fluorescent conjugate 
reacts with antibody globulin bound to the 
treponemes. After washing away nil the unbound 
fluorescent conjugate, when the slide is examined 
under ultraviolet illumination, if the test is positive 
the treponemes will be seen as bright objects, against 
a dark background. If the serum does not have 
anritreponemal antibody, there will be no globulin 
prating an the treponemes and therefore they will 
not take on the fluorescent conjugates, A single 
anti human globulin fluorescent conjugate can be 
employed for detecting human antibody to any 
antigen (Fig. 13.10). 

Fluorescent dyes may also be conjugated with 
complement. Labelled complement is a versatile 
tool and can be employed lor the detection of 
antigen, or antibody. Antigens also take fluorescent 
labelling but not as well as antibodies do. For 
detection of antibodies by immunofluorescence, the 
sandwich technique can be employed. The antibody 
is first allowed SO react With urtiahcllcd antigen, 
which is then treated with fluorescent labelled 
antibody* A sandwich is thus, formed the antigen 
being in the middle and labelled and lj nla belled 
antibodies on either side. 

The fluorescent dyes commonly used are 
fluorescein isothiocynate and hw-amine rhodamsne, 
exhibiting blue “green and orangc-rcd fluorescence, 
respectively. By comb ini rag the specificity of 
serology with the localising capacity of histology, 
immunofluorescence helps in the visualisation of 
antigen-antibody reactions in situ. It is thus an 
immunohistochemical technique. The major 
disadvantage of the technique is the frequent 
occurrence of nonspecific fluorescence in tissues 
and ocher materials. 
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FI ADlOlM MUNO ASS AY (RIA) 

Besides fluorescent dyes, many usher distinctive 
‘labels' also cun be conjugated to antigens and 
antibodies. The most commonly used labels are 
radioisotopes and enzymes. A variety of tests have 
been devised for the measurement of antigens and 
antibodies using such labelled reactants. The term 
binder-ligind-as$ny has been used for these 
reactions. The substance (antigen) whose 
concentration is to be determined is termed the 
amtlytt or ligarid. The binding protein (ordinarily, 
the antibody) which binds to the ligand is Lulled 


the binder. The first reaction of this type was 
radioimmunoassay {RI A) described by Bcisun and 
Yallow in 1959. RIA permits the measurement of 
analytes upto picogram (10 -1 * g) quantities. RIA 
and its modifications have versatile applications in 
various areas of biology and medicine, including 
the quantitation of hormones^ drugs, tumour 
markers, IgE and viral antigens. The importance 
uf RIA was acknowledged when the Kobe! Prize 
was awarded to Yallnw for its discovery in 1977. 

RIA is a competitive binding assay in which 
fixed amounts of antibody and radioLibelled antigen 



Fig 13.10 Immunofluorescence. 1. Direel leet: Antigen >;Aj is mixed with fluonescenl-conjugated antibody (8). 
The antigen-antibody complex is fluorescent. (C). 1 Indirect lost: Antigen (A) Is mixed with antibody 
(Sl.The antigen-antibody complex (€] is treated with fluorescent conjugated antiglobulin serum (0), The 
final product la fluorescent (E|. 



106 


i Texlbook oi MterobWopy * 


react in. the presence of unfchdkd antigen. The 
labelled anti unkbelkd antigens compete for the 
limited binding sites on the antibody. This 
competition is determined by the lev-el of the 
on labelled (test) antigen present in the reacting 
system. After the reaction, the antigen is separated 

into Tree' and 'bound' fractions and their radioactive 
counts measured. The concent ration of the test 
antigen can be calculated iron the ratio of the 
bound and total antigen labels, using a standard 
dose response curve. 

For any reacting system, the standard dose 
response or calibrating curve has to be prepared 
first-This is done by running the reaction with 
fixed amounts of antibody and labelled antigen, and 
varying known amounts of unkbelkd antigen. The 
ratios of hound : total labels (B : T ratio) plotted 
against the analyse concentrations give the standard 
calibration curve. The concentration of antigen 
in the test sample is computed from the B : T ratio 
of the test by interpolation from the calibration 
curve. 

ENZYME IMMUNQA&SAYS (ELA) 

Enzyme labelled conjugates were first introduced 
in 1966 for localisation of antigens in tissues, as an 
alternative to fluorescent conjugates. In 1971, 
enzyme labelled antigens and antibodies were 
developed as serological reagents for the assay of 
antibodies and antigens.Their versatility, sensitivity, 
simplicity, economy and absence of radiation hazard 
have made ElAs the most widely used procedure 
in clinical serology, The availability of test kits 
and facility for automation have added to their 
popularity. 

The term- enzyme immunoassay (El A) includes 
all assays based on the measure ment of enzyme 
labelled antigen, hapten or antibody. EIAs ate of 
two basic types - homogeneous and heterogeneous. 
In Homogeneous. E1A, there is do need to separate 
the bound and free fractions so that the tost can be 
completed in one step, with all reagents added 
simultaneously. This type of EIA can be used only 


for assay of haptens such as drugs and not for 
microbial antigens and antibodies. An example of 
homogeneous EIA is enzyme multiplied 
immunoassay technique (EMIT), which is a simple 
assay method for small molecule drugs such as 
opiates, cocaine, barbiturates or amphetamine in 
serum. 

Herej7^rnnfKis EIA requires the separation of 
the free and hound fractions either by centrifugation 
or by absorption on solid surfaces and washing. It 
is therefore a tntiliistep procedure, with reagent* 
added sequentially. Tfic major type of heterogeneous 
El A is Enzyme Linked Immunosorbent Assay 
(ELISA). 

Enzyme Linked hnm u noeorb en t Assays 

(ELISA). 

ELISA is so named because the technique 
involves the use of an immunosorbent - an 
absorbing mare rial specific for one of the 
components of the reaction, the antigen or antibody. 
This may he particulate, for example cellulose or 
agarose - or a solid phase >llc h an polystyrene, 

polyvinyl of polycarbonate tubes or micro-wells - 
or membranes or discs of polyacrylamide, paper or 
piastre. ELISA is usually June using 96-well 
microtitre plates suitable for automation. The 
principle of the test can be illustrated by outlining 
its application for the detection of rotavirus antigen 
in feces. 

The wells oi s mkrotitre plate are coated with 
goat anti rotavirus antibody. After thorough washing, 
the fetal samples to be tested are added, and 
incubated overnight at 4 D C or for two hours at 
37 "C. Suitable positive and negative controls are 
also set up. The wells are washed and guinea pig 
antirotavi rus antiserum, labelled with alkaline 
phosphatase, added and incubated at 37 °C for one 
hour. After washing, a suitable substrate 
(paranitropheryi phosphate) is added and held at 
room temperature till the positive controls show 
the development of a yellow colour. The 
phosphatase enzyme splits the substrate t*J yield a 
yellow compound. 
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If the test sample contains rora virus, it is fixed 
Cu the antibody coating the weLls. Wheil che enzyme 
labelled antibody is added subsequently, it is in turn 
fixed. The presence of residual enzyme activity, 
indicated by the development of yellow colony 
therefore denotes a positive test (Fig. 13.11). If the 
sample is negative, there is no significant colour 
change. An ELISA reader provides quantitative 
colour recording*. 

The detection of antibody by ELISA cm be 
illustrated by the anti-111V antibody test. Purified 
inactivated HIV antigen is adsorbed onto microassay 
plate weUs. Test serum diluted in buffer is added to 
the well and incubated at 37 U C for 30 minutes. 
The wei! is then thoroughly wished. If the serum 




contains anti-HIV antibody, it will form a stable 
complex with the HIV antigen on, the plate. A goat 
antlhuman immunoglobulin antibody conjugated 
with horse radish peroxidase enzyme is added and 
incubated for 30 minutes. After thorough washing, 
the substrate 0=phenylene diamine dihydtCHlhloride 
is added and after 30 minutes, the colour that 
develops IS read using a micma.R5.a_y plate reader. 
Positive and negative controls should invariably be 
used with test sera (Fig. 13.12). 

The examples described above are 0-f simple 
noncom/Kfirivc Sandwich ELISA. The test can be 
made more specific by making serum antibody and 
enzyme labelled antibody compete for the binding 
sites on the antigen (mrnpr fibre ELISA). Tests 


s 



Fig. 13.11 ELISA for detection of rotavirus in feces. 1. Microassay plate coated with goal antibody to rolavirus. 

2. When local suspension is added and incubated, rotavirus if present, will absorb to tee coaled aniibody. 

3. After thorough washings add guinea pig anti rotavirus antibody conjugated with alkaline phosphatase 
enzyme. If rotavirus is present Ihe conjugate Will complex wild It. 4- Alter washing add Ihe substrate, 
pa ranitro phenyl phosphate. 5, II Ihe enzyme conjugate Is present, the substrate will be split lo term yellow 
coloured product. This indicates a positive lest. In a negative lesl there will be no significant colour formation. 



Fig. 13.12 ELISA for HIV amibody In serum. 1. Microassay plate costed with HIV antigen. 2. Test serum Is added 
and incubated. Anli-HIV antibody. H present In the serum will attach to HIV antigen. 3. After washing, add goat 
antlhuman Immunoglobulin antibody conjugated with horse serum perosidase eiuyme. The conjugate will 
attach lo anti-HIV antibody in a positive test. 4. After washing, add substrate Of»D. 5. A colour develops hi Ihe 
positive test, while there will be no colour In a negative lest. 
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for specific immunoglobulin classes {for example, 
IgM specific ELISA) arc also available. Capture 
ELISA and immunomctric tesfs are even more 
specific. 

Several variations of the ELISA technique have 
been developed to provide simple diagnostic tests, 
including the card and dipstick methods suitable 
for clinical laboratory and bedside applications, 

A simple modification of ELISA which has 
found wide application for testing one or a tew 
samples of sera af a time is rhe cylindcf or cassette 
ELISA, Here each specimen is tested in a separate 
disposable cassette. The test is rapid, faking only 
about 10 minute?; as compared with the 2-4 hours 
taken for microplate ELISA. There is no need for 
rnicrujilate washers of readers. The result is read 
visually, Inbuilt positive and negative controls are 
usually provided for validation of the test procedure. 

An example of cassette ELISA if the one used 
for the detection of HIV type 1 and 2 antibodies- 
Specific type 1 and 2 antigens are immobilised at 
separate fixed sites on the nitrocellulose membrane 
in the cassette. Test serum is added on the 
membrane and allowed to filter into absorbent 
material placed below it in the cassette base. 
Antibody, if present in the scrum win bind to the 
appropriate antigen. After washing to remove 
unbound antibody, enzyme labelled antihuman 
immunoglobulin antibody is added. After additional 
washing to remove unbound conjugate, a substrate 
yielding a coloured product is added. A positive 
result is indicated by a coloured spot developing at 
the *ite of the antigen, against which antibody is 
present in, the serum. Human immunoglobulin 
immobilised at a spot on the membrane acts as a 
control for the test procedure, as shown by the 
development of colour at the site. 

CH EMI LUMINESCE MCE IMMUNOASSAY (CLIA) 

Chemiluminescence refers to a chemical reaction 
emitting energy in the form of light, just as 
radioactive conjugates are employed in RIA 
fluorescent eojugares in IFA and enzymes in ELISA, 


chemiluminescent compounds (such as luminol or 
acridtnium esters) arc used In CLIA as the label to 
provide the signal during the anfigenantibody 
reaction. The signal (light) can be amplified, 
measured and the concentration of the analyte 
calculated. The method has been fully automated 
and is being increasingly used in laboratories where 
the volume of work is large 

immunoelectho&lot techniques 

Immunoclectroblot or (dcctroimmunoblot) 
techniques combine the sensitivity of enzyme 
immunoassay with much greater specificity. The 
technique is a combination of three separate 
procedures: (a) separation of ligand-antigen 
Components by polyacrylamide gel electrophoresis; 
(b) blotting of the elcctrophorescd ligand fraction 
on nitrocellulose membrane strips; and (c) enzyme 
immunoassay (or radioimmunoassay) to (1) detect 
antibody in test sera against the various ligand 
fraction bands; or (2) probe with known antisera 
against specific antigen bands. The Western Blot 
test, considered the definitive test for the 
KerodiagTiD5.iK of HIV infection, is an example of 
the irnmunoclcctiohlot technique (see chapter 62 
for details). 

IMMUNQCHROMATQGRAPHIC TESTS 

A one-step qualitative immunocbromatographic 
technique has found wide application in 
acrodiagnosLs due to its simplicity, economy and 
reliability. A description of its use for HBsAg 
detection illustrates the methtjd. The test system is 
a small cassette containing a membrane 
impregnated with anti-HbsAg antibody-colloidal 
gold dye conjugate. The membrane is exposed at 
three windows on the casscrre, The rest serum is 
dropped inro the Erst window. As the serum travels 
upstream, by capillary action, a coloured band 
appears at the second window (test site) if the serum 
contains HbsAg, due to the formation of a HbsAg- 
antibody conjugate complex.This Is the positive 
reaction. Absence of a coloured band at the rest 
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site indicates a negative reaction. Simultaneously a 
coloured hand should appear in every case at the 
third window, which forms an inbuilt control, in 
the absence of which the test is invalid. I he test is 
claimed to be nearly as sensitive and specific as 
El A tests. 

IMMU HOE LECTRQN MICROSCOPIC TESTS 

[TTimunmdectranmioroKCopy? When vital 
particles mixed with specific antisera arc observed 
under the electron microscope, they arc seen to be 
dumped. This finds application in the study of some 
viruses such as the hepatitis A virus and the viruses 
causing diarrhea. 


Immunoferritin lest: Ferritin (an electron- 
dense substance from horse spleen) can be 
conjugated with antibody, and such labelled 
antibody reacting with an antigen can be visualised 
under the electron microscope. 
Immimoenxyme lost: Some stable enzymes, 
such an peroxidase, can lie conjugated with antilitjdies. 
Tissue sections carrying the corresponding antigens 
are treated with peroxidase labelled anrisera- 'The 
permsiltKC bound to the antigen can he visualised under 
the electron microscope, by microhistochemical 
methods. Some othcrenzymcs, such as ghieosc endue, 
phosphatases and tyrosinase, may also he included in 
immitnoenTiTnc testS- 
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The term cumpieineiit' (C) aferi to a system of 

i actors which pCcur in normal serum and are 
activated characteristically by antigen-antibody 
interaction and subsequently mediate a [lumber of 
biologically significan t consequences, 

Towards the end of the nineteenth century, it 
was noticed that bactericidal* bacteriolytic and 
hemolytic actions of the appropriate antibodies 
required the participation of a heat labile component 
present in the normal sera of human beings and 
animals. Buckner (1B89) was the first to observe 
that the bactericidal effect of serum was destroyed 
by heating at 55 a C (br one hour, Pfietfer (1B94) 
discovered that cholera vibrios were lysed when 
injected inlraperitonCallv into specifically 
Immunised guinea pigs (bacteriolysis In vivo of 
Pfieffer's phenomenon). Bordet (ISVS) extended 

these observations and established that immune 
bacteriolysis and hemolysis required two factors— 
the heat stable antibody and a heat labile factor, 
which was called alexine. This term has been 
replaced by the present name compfemenr which 
was coined by Ehrlich, because this factor 
complemented the action of antibody. 

Bordet and Gengou (1901) described the 
complement fixation test, using the hemolytic 
indicator system, as a sensitive serological reaction. 
This found wide application, and the Wisscrmann 
complement fixation tern for syphilis became one 
of the most popular serological tests. For the next 
half century interest in complement remained 
confined to its u&e as a tool in serological reactions. 
Since then the structural and functional complexities 

of the complement system have been defined and 


its foie as a mediator and amplifier oil many immune 

and inflammatory reactions recognised. The 

complement system belongs to the group of 
biological effector mechanisms (called triggered 
enzyme cascades) which also includes coagulation, 
fibrinolytic and kinin systems. Such biological 
cascades have distinct advantages. For example, each 
enzyme in the cascade is able to activate many 
molecules of the succeeding component providing 
for amplification of the response at each step. Every 
step has its own control mechanisms so that the 
cascade can be regulated with precision. 

Crmh.\[ Properties 

Complement u present in the sera of all mammals 
and also in that of most lower animals, including 

birds, amphibians and fishes. It is a nonspecific 
serological reagent In that complement from one 
Species can react with antibodies trqm other species, 
though the efficiency of reaction ;s influenced by 
the taxonomic distance between the species. 
Complement constitutes about five per cent of 
normal serum proteins and in not increased as a 
result of immunisation. 

Though some of its components arc beat stable, 
complement as a whole is heat labile, its cytolytic 
activity undergoing spontaneous deiiaturatiem 
slowly at room temperature and being destroyed 
in 30 minutes at 56 n C. A serum, deprived, of 
Its complement activity by heating at 56 ®C for 
30 minutes, is then said to be ‘inactivated’. 

Complement (C) ordinarily docs bind In 

free antigen or antibody but only to antibody which 

has combined with its antigen. Various terms such 
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as /iviiTi''JiM i binding or consumption have been u*s«t 
Id refer to the combination of C with bound 
immunoglobulin,. leading to the activation of the 
classical C pathway. All classes of Ig do nor fix C. 
Only IgM, IgG3, 1 and 2 fin that order) fix C, but 
not IgC4, IgA, IgD or IgE.The site ofC binding 
is Ideated on the Fc piece ot the Ig molecule (CH‘ 
domain on IgG. CH* on IgM), and is expressed 
only when Ig is combined with its antigen. The 
fixation of C is not influenced by the nature of 
antigens, hut only by rhe class of immunoglobulins. 

Components 

The complement system consists of at least twenty 
chemically and immunologically distinct scrum 
proteins comprising the complement components, 
the properdin system and the control proteins. 

Complement is a complex of nine different 
fractions called Cl to C9. The fraction Cl occurs 
in scrum as a calcium ion dependent complex, wliich 
on chelation with EDTA yields three protein 
subunits called Clq, r, and s. Thus C is made up of 
a total of 11 different proteins, C fractions are named 
Cl to Cy in the sequence of the cascading reaction, 
except that C4 comes after Cl, before C2, 

Tlie itiudel traditionally used to explain C activity 
in immune cytolysls is the lysis of erythrocyte 
sensitised by its antibody. The erythrocyte (E) 
antibody (A) complex is called EA 1 and when C 
components are attached to FA, the product is 
called. EAC, followed by the Components- that have 

reacted (for example, EAC 14235 or EAC 1-5), 
When a C component acquires enzymatic or other 
demonstrable biological activity, it is indicated by 
a bar over the component number, for example, the 
enzymatically activated Cl is shown as Cl, 
Fragments cleaved from C components during the 
cascade are indicated by small letters (C3a, C3b), 
Inactivated forms of C components ate indicated 
by the prefix J i^iC3bh 

Complement Activation 
Complement is normally present in the body in an 


inactive form but when its activity is induced 
by antigen-antibody combination or other stimuli, 

C components react in a specific sequence as a 
cascade. Basically, the C cascade is a series of 
reactions in which the preceding components act 
as enzymes on the succeeding components, cleaving 
them into dissimilar fragments. The larger 
fragments usually join the cascade. The smaller 
fragments which are released often possess 
biological effects which con tribute to defence 
mechanisms by amplifying the inflammatory 
process, increasing vascular permeability, inducing 
smooth muscle contraction, causing chemotaxis of 
leucocytes, promoting virus neutralisation, 
detoxifying endotoxins and effecting the release of 
histamine from mast cells. 

The C cascade can be triggered off by two 
parallel but independent mechanisms or pathways 
which differ only in the initial steps- Once C3 
activation occurs, the subsequent steps arc common 
in both pathways, which have been called the 
classical C pathway and the alternative or properdin 
pathway. 

The classical pathway is so called because it 
was the first one identified. But actually it is a more 
recently evolved mechanism of specific acrive 
immunity, while the alternative pathway represents 
a more primitive system of nonspecific innate 
immunity. 

Classical Pathway 

The chain of cwnts in which C components react 
in a specific sequence following activation of Cl 
and lyrically culminate in immune cytotyms is known 
as the classical pathway {Fig, 14.1). It consists of 
the following steps: 

1. The first step is the binding of Cl to ihe 
antigen-antibody complex {traditionally 
represented as EA). The recognition unit of Cl 
k C Jq. wliich reacts with the Fc piece ofboUild 
IgM or IgG, Clq has six combining sites. 
Effective activation occurs only when Clq is 
attached ro immunoglobulins by at least two of 
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its binding sites. One molecule of IgM or two 
molecules of IgG can therefore initiate the 
process. Clq binding In the presence of calcium 
ions leads to sequential activation of Clr and s. 

2 . Activated C Is is an esterase (CIs esterase)., otic 
molecule of which can cleave several molecules 
of C4 - an instance of amplification. C4 is split 
into C4a, which is an ana phyla toxin, and C4b 
which binds to cell membranes along with CL 

3 r Cl4b in the presence of magnesium ions cleaves 
C2 into C2a, which remains United to cell- 
bound C4b, and C3h which is released into tluiil 
phase. C4b2a has enzymatic activity and is 
referred to a* the classical pathway C3 

Comer rase. 

4 r C3 convcrtase splits C3 into two fragments ; 
C3a which is an anaphylatoxin, and C3b which 
remains celt-bound along with C4b2a to form 
a trimolecular complex C4b2a3b which has 
enzymatic activity and is called CS converase. 

5. The membrane artidc phase of complement 
activity begins at this stage with C5 converra&e 
cleaving C5 into C5a, an amiphytatoxin which 
is released into the medium, and C5b which 
continues with the cascade. Cfi and C7 then 
join together. A heat stable Iri molecular complex 
C5b7 is formed, part ot which binds to the cell 
membrane and prepares it for lysis by C& and 
C9 which join the reaction subsequently- Most 
of C567 escape and serve to amplify the 
reaction by adsorbing onto unsensitised 
'bystander cells" and rendering them susceptible 
to lysis by C8 and C9, The unbound C5671* 45 
chemotacric activity, though the effect is 
transient due to its rapid inactivation. The 
mechanism of complement mediated cytolysis 
is the production of ‘holes', approximately 100 
A in diameter on the cell membrane. This 
disrupts the osmotic integrity of the membrane, 
leading to the release of the cell contents. 
Although the classical pathway is generally 

activated by the antigen-antifcnjdy Complexes Of 

aggregated Immunoglobulin, activation may also 


be due ro other stimuli, such as DNA, C-reactive 
protein, tiypsin*3ikc enzymes or some retroviruses, 

A it i ! : h n ati v e C Path wa v 

Tlie central process in the complement Cascade is 
the activation of C3, which is the major component 
of C. In the classical pathway, activation of C3 is 
achieved by C42 (classical C3 convertase). The 
activation ofCJ without prior participation of Cl 42 
is known as the "alternative pathway'. 

The first example of the alternative pathway was 
the demonstration by Pillemer (iyf4) nf the 
'properdin system' as a group of serum proteins 
contributing to antimicrobial defence without 
requiring specific antibodies. The activator in this 
system was zymosan, a polysaccharide from the 
yeast cell wall, but many other substances can also 
activate the pathway, These activators include 
bacterid endotoxins, IgA and I), the cobra venom 
factor and the nephritic factor (a protein present in 
the scram of glomerulonephritis patients}. 

The first step in tile alternative pathway is the 
binding of C3b to an activator. C3b is continuously 
generated in small quantities in the circulation bur 
in the free state it is rapidly inactivated by the serum 
protein factors H and J. Bound C3b which is 
protected from such inactivation interacts with a 
serum protein called Factor B (also known as ^3 
proactivafor) to form a magnesium-dependent 
complex "CdbjjB". This complex is cleaved by 
another serum protein Factor D (also called ‘C3 
proactivator convertase') into two fragments - Ba 
and Bb. Fragment Ba is released into the medium. 
Fragment Bb remains bound CO C3b f forming the 
esterase C3b,Bl> complex, which is the alternat ive 
pathway C3 convertase. This enzyme C3b,Bb is 
extremely labile. The function of properdin (also 
called Factor P) is to stabilise the C3 convertase, 
which hydrolyses C3, leading to further steps in 
the cascade, as in the classical pathway (Fig. 14.2}. 

Regulation of G Activation 
Unchecked complement activity' can cause not only 
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Fig. 14.1 Complement cascade—(he classical pathway 

exhaustion of the complement system but also 
serious damage to tissues. Several inbuilt control 
mechanisms reflate the complement cascade at 
different steps. These are mainly of two kinds: 
inhibitors which hind to complement components and 
halt their further fiincrion f and inactivators which are 
enzymes that destroy complement proteins. 

A. Inhiiiitohk 

1. Normal serum contains an Inhibitor of Cl 
esterase (ClsINHj. This heat labile alpha 
nreLiraminogiY'Cfjprotein also inhibits many other 
esterases found in blood, such as plismin, 
Idniungen and the Hageman factm.Thri does nor 
prevent the normal progress of the complement 
cascade but checks its autocafabric prolrjngatiorv 

2. The S protein present in normal serum binds to 
CS67 and modulates the cytolytic action of the 
membrane attack complex. 

R. |N ACT! VATORs 

1. A serum bctaglobulin, called Factor 1 (formerly 
known as C3b P C4b INAC P co nglutlnogeti 


activating factor or KAF), provides homeostatic 
control of C3 activation, particularly by the 
alternative pathway 

2. Another beta globulin Factor H acts in cun-cert 
with Factor 1 modulating C3 activation, 

3. AnapAyJa rojriii inactivator is an alphaglobulin 
that enzymatically degrades C3a p C4a and C5a 
which are anaphylatoxsns released during the 
C cascade. 

4. C4 biridj n#- protein controls the activity of cell- 
bound C4b. 

Many other regulators of C activity have also 
been reported, 

Biological Effects op iz 

Complement mediates immunological membrane 
damage (cytolvsiis, bacteriolysis], amplifies the 
inflammatory response and participates in the 
pathogenesis of certain hypersensitivity reactions, 
It exhibits antiviral activity and promotes 
phagocytosis and immune adherence. It also 
interacts with the coagulation, fibrinolytic and 
kininogcnic systems of blood. 
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An important function of C is to facilitate the 
uprake anti destruction of pathgugens by phagocyte 
cells. This opsonic effect is based on the presence 
on the surface of phagocytic cells, (macrophages, 
monocytes, neutrophils and others) of complement 
receptors or CRs. Many such receptors have been 
identified, such as CR 1, 2, 3, 4 and Clq, which 
stimulate phagocytosis and removal of immune 
complexes. The CR 2 tecL-ptor on fl cells also acts 
as a receptor for the Epstein—Ban - virus {ERV), 
the causative agent of infectious mononucleosis, and 
so has a role in the pathogenesis of this condition. 

The classical C pathway results in bacteriolysis 
and cytolysis. Cells vary in rheir susceptibility to 
complement mediated lysis. Gram negative bacteria 
are generally sensitive to lysis, while Gram positive 
cells are killed without lysis. The neutralisation of 
viruses under some conditions requires the 
participation, of C, 

C fragments released during the cascade reaction 
help in amplifying the inflammatory response. C2 
kinins arc vasCwctive amines and increase capillary 
pernneabilkv. CTa and C5a are anaph ylato xic 
{histamine rel earing) and chemotactic. C567 is 
chemotactic and also brings about reactive lysis. 

C participates in the cytotoxic (Type II) and 


immune complex {Type 111) hyperscnriiiviTy 
reactions. The destruction of ■, tycl .:•*•. ■, 1 . ■. ll< wing 
incompatible transfusion and in 

sedonmd purpura, ate ■ ■ riipJe- of Type IJ 
reactions. C contributes to tin. path >gencsi> of 
nephrotoxic nephritis, ih . i immunological 
kidney damage may also occur : = : absence of C- 
C is required for the production of immune 
complex diseases Such as serum ckm and ArthiU 
reaction. C, however, appears In pn-vt i immune 
complex disease by solubilising antibody 

complexes and preventing ; licit precipitation in 
vessels and tissues. Serum C cor pemvr rs are 
decreased in many u i nniun .skim-,^ such as 
systemic lupus erythematosus and rheumatoid 
arthritis. C also plays a maj r role in the 
pathogenesis of autoimmune !i c m. anemia, 
paroxysmal nocturnal ' cmoglobintiria and 
hereditary angioneurotic edema. 

Endotoxin is an efficient .ictivator of the 
alternative C pathway In d shock there is 
massive □ fixation and platelet I .ogv 

scale platelet lysis and release of l.irg:; amounts of 
platelet I : ■ : Lead' ! nm.r> I inlr.n . 1 il. ’ 

coagulation and thrombocytopeinia. Uram negative 
septicemias and ' ■ -i i rrhagi syndnuiu 
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Table 14.1 Clinical syndromes associated witti genelic deliciencies of complement components 


Croup 

Deficiency 

Sjradrome 

1 

Cl inhibitor 

Hereditary angioneurotic edema 

II 

Lady components of classical 
pathway Cl, C2, C4 

SLE and other collagen 
vascular diseases 

III 

C3 and its regulatory protein 

C3b inactivator 

Severe recurrent pyogenic 
infections 

IV 

C5 to CS 

Bacteremia, mainly with Geam 
negative dipiocoed, toxoplasinoris 

V 

C9 

No particular disease 


may haw a similar pathogenesis. Depletion of C 
protects against the Schwartzman reaction, 

C bound to antigen-antibody complexes adheres 
to erythrocytes or to nonprimite platelets. This 
reaction, cidled Jilnmune adherence, contributes to 
defence against pathogenic rnicrcHirganisms since 
such adherent particles arc rapidly phagoeytosed. 
C3 and C4 are necessary for immune adherence. 

Bovine scrum contains an unusual protein called 
ccmglutimn (K) which causes dumping of particles 
or ce ILk Coated with C a a process known as 
conglutination. Conglutinin reacts exclusively with 
hound! C3. Though conglutinin behaves as an 
antibody to C, it is not an immunoglobulin and 
requires Ca ,f for its activity. Antibodies with 
conglutinin-hke activity (immunoconglutiiun, IK.) 
can be produced by immunisation with complement 
coated materials. They may also occur frequently 
in human beings and other mammals as 
autoantihodies to fixed C. The titnes of serum IK 
rise in conditions such as infections and 
autoimmune diseases associated with increased 
fixation of C in vivo, High IK levels have been 
noticed in the saliva and jejunal secretions. They 
are IgA antibodies whose significance is not 
known. 

Quantitation op C and its 
Components 

Complement activity of serum is measured by 
estimating the highest dilution of scrum lysing 


sheep erythrocytes sensitised by antierythrocytic 
antibody, Estimation of individual complement 
components also uses hemolytic activity in a system 
containing an excess of all complement components 
except the one to he measured- C components can 
be quantitated also by radial immunodiffiision in 
agar but this method does nor differentiate between 
active and inactive fractions. 

Biosynthesis of C 

Complement components are synthesised in various 
sites m the budv, such as the intestinal epithelium 
{Cl] f macrophages (C2., C4), spleen (C5, CS) and 
liver (C3, C6, C9). C is, to some extent, ait ‘acute 
phase substance' and rise in C levels (particularly 
C4, □, C5 and Cb) is observed during the acute 
phase of inflammation. 

Deficiencies of the Complement 
System 

Complete or partial deficiencies of all the classical 
complement components and several of the C 
inhibitors have been described in humans or 
animals. Some are associated with severe diseases, 
while in others clinical manifestations arc sporadic. 
C deficiencies result in the host being unable to 
efficiently eliminate the microbial antigens or 
circulating immune complexes- Recurrent bacterial 
□nd fungal infections and collagen diseases also occur 
(Table 14.1). 

Deficiency of the LT inhibitor is. associated with 
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hereditary ari^inhiriirntir edema t a condition 
characterised hy episodic angioedema of the 
dikwineAUt tisanes or ol the mucosu of the 
respiratcuy or alimentary tracts. It may be fatal when 
the larynx and trachea at* affected. The attack La 
precipitated by the local exhaustion of the reduced 
amount of the Cl inhibitor present. Leading to the 
a u toe Ata lytic activation of Cl and the unrestrained 


breakdown of C4 and C2. The main mediator of 
the edema appears to he the C2 kinin released. The 
attack may be treated by infusion of fresh plasma 
as a source of the inhibitor. Prophylactic 
administration of epsilon aminocapraic acid (or its 
analogues) is useful. They arc believed to inhibit 
die activation of plasma engines, thus sparing the 
small amounts of the O inhibitor present 


Further fieudinl 
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Structure and Functions 
of the Immune System 



The lymphoreticular system is a complex 
organisation of cells of diverse morphology 
distributed widely in different organs and tissues of 
tile body itspofisible for immunity. Lymphoreticular 
cells consist of lymphoid and reticuloendothelial 
components, with clearly demarcated functions, The 
lymphoid cells - lymphocytes and plasma cells - 
arc primarily concerned with the specific immune 
response. The phagocytic cells, forming part of the 
reticuloendothelial system, arc primarily concerned 
with the 'scavenger' functions of eliminating effete 
cells and foreign particles. They contribute to 
nonspecific immunity by removing microorganisms 
from bkiod and tissues. They also play a role in 
specific immunity, both in the afferent and efferent 
limbs of the immune response. 

The functional anatomy of the lymphoid system 
can be appreciated only against the background of 
the ‘two component concept' of immunity. The 
immune response to an antigen, whatever its nature, 
can he of two broad types—the hti moral or antibody 
mediated immunity (AMI) and the cellular or cell 
mediated immunity' (CMI). Humoral immunity is 
mediated by antibodies produced by plasma cells 
and present in blood and other body fluids (hence 
the name "humoral' from ‘humor die old term fur 
body fluids). Cellular immunity is mediated directly 
by sensitised lymphocytes. Cells for each of these 
components develop through separate channels and 
remain independent though they may also interact 
in some instances (Fig, 15.1). 

The lymphoid system consists of the lymphoid 
cells (lymphocytes and plasma cells) and lymphoid 
organs. Based on the different roles they perform, 
lymphoid organs can be classified into the central 


(primary) and the peripheral (secondary) lymphoid 
Organs. The central lymphoid organs arc 
lymphcicpithelial structures in which the precursor 
lymphocytes proliferate, develop and acquire 
immunological capability,The thymus and the burea 
of FabricillS in birds are primary lymphoid organs, 
being responsible for the cellular and humoral 
immune respjnses, respectively. The equivalent of 
the avian bursa in mammaJs is bone marrow. After 
acquirtng immunocompefence, the lymphocytes 
migrate along hlood and lymph srreams, accumulate 
m the peripheral lymphoid organs and, following 
antigenic stimulus, effect the appropriate immune 
response. The spleen, lymph nodes and mucusa- 
associatcd lymphoid tissue (MALT) constitute the 
major peripheral lymphoid organs. Lymphoid tissue 
in the gut, lungs, liver and bone marrow and 
lymphoid collections in the adventitious tissue of 
all organs also form parr of the peripheral lymphoid 
system • 

Central (Primary) Lymphoid 
Organs 

TTiyrims: The thymus anlage develops from the 
epithelium of the third and fourth pharyngeal 
pouches, at about the sixth week of gestation. By 
the eighth week, mesenchymal Stem cells 
(precursors of lymphocytes) from the yolk sac, fetal 
liver and bone marrow reach the thymus and 
differentiate into the thymic lymphoid cells 
(thymocytes). It is thus the first organ i,n all animal 
species to become predominantly lymphoid. In 
human heings, the thymus reaches irs maximal 
relative size just before birth. It continues tu grow 
dll about the twelfth year. After puberty, it undergoes 
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Fig r 15.1 Development of T and B cetl systems 


spontaneous progressive involution, indicating that 
it functions best in early life. 

1 he thymus is located behind the upper part of 
the sternum. Aberrant thymic tis-sues are ofteit found 
in neighbouring sites. The thymus has two lobes 
surrounded by a fibrous capsule. Septa arising from 
the capsule divide the gland into lobules which 
are differentiated info an outer torts* and an inner 
medulla. The cortex is crowded with actively 
proli feta ting small lymphocytes. The medulla 
consists mainly of epithelial cells and mature 
lymphocytes in the middle of which are the 
Hassalis corpuscles, which arc whorl-like 
aggregations of epithelial cells. 

Till the 1960s, the thymus was an organ without 
any recognised function.The fortuitous observations 
by Good (1964) nf thrmoma and Impaired 
immunity in a patient, and by Miller (1961) of 
immunodeficiency in neonatally thymectomised 
mice, paved the way for the understanding tif the 
pivotal role of the organ in the development of cell 
mediated immunity. The primary function of the 
thymus Is the production of thymic lymphocytes. 
It is the major site lor lymphocyte proliferation in 
rhe body However, nfrhc lymphocytes produced. 


only about one per cent leave the thymus. The rest 

are destroyed locally. The r;) oil fur ll.. ;•( 1 rll 

wasteful process is not known. !:. the thyn . (lie 
lymphocytes act{ ll ire new surface antigen; Thy v 
antigens). Lymphocytes . >ndi; i > me.! in rht ihyr-nu>. 
are called ‘thvnius (T) dey> l odes! I Ivmp t• ■,i :<::■ Of 
T cells'. Unlike in the p riphera 1 ?r u .an:-., lymphocyte 
proliferation in the thymus is not dependent on 
antigenic stimulation. In fact, : riphetal antigenic 
Stimuli do not lead to any immune response in the 
thymus. Antigen introduced dirt 1 , tk ii i u- Thymus 
may lead to a local immune i r n>t 

The thymus confers 11 • .:i l ui vj ■tc i...v 

on the lymphocytes dii'uig thefi in the organ 
Prethymic lymphocytes are not n imtinx • lpvceni. 
In the thymus they are 'educated so that lliei 
become .'apabh ot Iiotin ting cel I mediated imtnur e 
response against .i; propfiiie antigens. The 
importance of thymus in lymphocyte proliferation 
and development of CM1 is evident from the 
lymphopenia, deficient graft reje< It n and 11 <■ 
called “runt disease' seen in neon a rally 
chymecromised mice. Dcf. icr.t I'M! is also seen 
in congenital aplasia t 11 ie Him i.. > ■ in human beings 
(DiGeorge syndrome), and in mice ('nude mice"). 
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T lymplvxytiesTirf selectively needed into certain 
sites in the peripheral lymphatic tissues, being found 
in the white pulp of the spleen, around the central 
arterioles, and in the pinicortiol areas of lymph 
nodes, These regions have been termed ‘thymus 
dependent' as they arc found grossly depleted after 
neonatal thymectomy. While thymectomy affects- 
CM1 primarily, it also diminishes antibody response 
to many types of antigens (thymus dependent 
antigens) such as sheep erythrocytes and bovine 
scrum albumin. Humoral response to other antigens 
is unaffected. 

Llursu of Fabrioius: This is a UTnphocpitheli.il 
organ arising as a pouch from the dorsal part of 
tile cloaca in birds- It becomes a Lymphoid organ 
by about the day 15 of embryonarion, develops full 
functional ability near hatching and starts involuting 
by 7-13 weeks of age, corresponding to the age of 
puberty. The bursa is also a site of lymphocytic 
proliferation and differentiation. Stem cells from 
the yolk sac, fetal liver and banc marrow enter the 
bursa, proliferate and develop into immune 
competent 'bursal lymphocytes’ or B cells (B for 
bursa or bone marrow). These migrate and seed 
selective areas in the peripheral lymphoid 
organs—the mantle, germinal follicles and 
perifollicular regions of the spleen, and the far 
cortical areas and medullary cords of Ivmph nodes. 
These are known as 'bursa dependent 1 or 'thvmus 
independent areas'. Following appropriate antigenic 
stimulation, B lymphocytes transform into plasma 
cells and secrete antibodies. 

The vital role of rbe bursa in humoral immunity 
was discovered accidentally by Click and Chang 
(1956) who found that chickens bursectomised at 
hatching failed to form antibodies when challenged 
with a bacterial antigen. Iimnunocumpetence is 
conferred on the lymphocytes hy the bursa in 
srages.. Competence for IgM production is 
acquired early (about day 14 of embryonation) 
and for IgG lute (about day 21). Birds 
burscctonlised On Iti to 20 days synthesise IgM, 
but not IgG- 


In humans and other mammals, the bone 
marrow acts as the bursa equivalent. All 
lymphocytes originate in the bone marrow; While 
T lymphocytes develop in the thymus, B 
lymphocytes develop in the bone marrow itself. In 
the human fetus. Pc yets patches develop and 
lymphoid cells appear in the spleen and lymph nodes 
by the 20th week of gestation. From then on the 
fetus is able to produce IgM and IglX Lt receives 
maternal IgG, but IgA and IgE arc not present. At 
birth IgM production is enhanced, but IgG level 
falls steadily, to reach minimum levels by the 3rd 
month. IgG production then picks up and becomes 
adequate by 2-3 years. Full immunocompctcnce is 
attained iinlv after the first decade of life. 

Peripheral (Secondary) Lymphoid 
Organs 

Lymph nodes; Lymph nodes are placed along 
die COutse of lymphatic vessels. They art: Surrounded 
by a fibrous capsule from which trabeculae 
penetrate into the nodes. The node can be 
differentiated into an outer cortex and an inner 
medulla, [n the cortex are accumulations of 
lymphocytes (primary lymphoid follicles) within 
which germinal centres (secondary follicles) 
develop during antigenic stimulation. The follicles 
contain, besides proliferating lymphocytes, dendritic 
macrophages which capture and prace*5 the 
antigen. In the medulla, the lymphocytes, plasma 
cells and macrophages are arranged as elongated 
branching hands (medullary cords). The cortical 
follicles and medullary cords contain B lymphocytes 
and constitute the bursa dependent areas. Between 
the conical follicles and medullary cords, there is 
a broad, ill-defined intermediate zone (paraeortical 
area) which contains T lymphocytes and 
interdigitating cells. "Phis constitutes the thymus 
dependent area (Fig. 15.2). 

Lymph nodes act as a filter for lymph, each 
group of nodes draining a specific part of the body. 
They phagocytose foreign materials including 
microorganisms.They help in the proliferation and 
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circulation of f and B cells. They enlarge following 
local antigenic stimulation. 

Spleen; The spleen is the largest of the lymphoid 
organs-. It has a capsule from which trabeculae 
descend;, dividing the organ into several 
interconnected compartments. TJie branches of the 
splenic artery travel along the trabeculae, and on 
leaving them branch again to form the central 
arterioles, which are surrounded by a sheath of 
lymphoid tissues. Tins part is known as the white 
pulp of the spleen and may constitute about half to 
three quarters of the organ, following antigenic 
stimulation.The central arterioles proceed onto the 
red pulp, so called because of the abundance of red 
blood cells in it. 

The periarterial lymphoid collections in the 
white pulp of the spleen are called rhe Malpighian 
corpuscles or follicles, Germinal centres develop 
following antigenic stimulation. Surrounding the 
germinal centre is a 'mantle layer of lymphocytes. 
Tmmcdiatelv outside the periarterial lymphatic 
sheath and separating it hum the red pulp lies the 
marginal zone. The lymphatic sheath immediately 
surrounding the central arteriole is the thymus 
dependent area of the spleen. The perifollicular 
region^ germ i nal centre and mantle layer bum the 
bursa dependent (thymus independent) areas (Fig. 
15.3). 

The spleen serves as rhe graveyard for effete 
blood cells, as a reserve tank and settling bed for 
blood arid as a systemic filter for trapping circulating 
IjIckhI borne foreign particles. The immunological 
function of the spleen is primarily directed against 
hloodborne antigens. 

Mucosa associated lymphoid tissue 
(MALT): The mucosa lining the alimentary, 
respiratory; genitourinary and other lumina and 
surfaces are constantly exposed to numerous 
antigens. These areas are endowed with a rich 
collection of lymphoid cells, either specialised 
aggregates tike the Fevers patches or scattered 
isolated lymphoid follicles—collectively called the 
mucosa associated lymphoid tissue (MALT). Such 


lymphoid tissues in the gut, from the adenoids and 
tonsils to the follicles in the colon, are called the 
gut associated lymphoid tissue (GALT) and those 
in the respiratory tract, the bronchus associated 
lymphoid tissue (BALT). 

MAL T con tains lymphoid as well as phagocytic 
cells. Both B and T cells arc present. While the 
predominant immunoglobulin produced in the 
mucosa is secretory IgA, other immunoglobulin 
classes, IgG, IgM and IgE ate also formed locally. 

There appears to be a free traffic of anrigen- 
spccific effector lymphocytes between, the various 
mucosal and secretory areas, so that an antigenic 
exposure at one site may cause production of the 
specific antibody at the other mucosal and secretory 
sites also. This indicates [he existence of a common 
mucmEjif or secretory immune system and explains 
the superiority of ora! or nasal immunisation over 
the parenteral mute for many enteric and respiratory 
infection s, 

Cei.I.H of Tlffc Lympiiqrbticular 
System 

Lymphocytes: Lymphocytes are small, round 
cells, found in peripheral blood, lymph. Lymphoid 
organs and in many other tissues. In peripheral 
blood, they constitute 20-45 per cent of the 
Leucocyte population, while in lymph and lymphoid 
organs they form the predominant edi type. The 
human body contains about 10 u lymphocytes, 
approximately 1 O’ of them being renewed daily. Only 
about one per cent of the total body lymphocytes 
are present irt the blood. Ehrlich (1879) who 
introduced a staining technique for blood cells 
described lymphocytes as nonmotilc end cells with 
no recognisable function! Lymphocytes are now 
recognised as the major cellular elements 
responsible for immunological responses. 

According to their size, lymphocytes can be 
classified into small (5-S pm), medium (8-12 pm) 
and large (12-1.5 pm) lymphocytes. Small 
lymphocytes arc the most numerous. They consist 
of J spherical nucleus with prominent nuclear 
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chromatin and a thin rim of cytoplasm, containing 
scattered ribosomes but virtually devoid of 
endoplasmic reticulum or other organelles, They 
arc capable of slow motility and during movement 
assume a ‘hand mirror' form, with the nucleus in 
front and the cytoplasm as a tail behind. 

Depending on their lifespan,, they can be 
classified as short-lived and long-lived lymphocytes. 
In human beings, the short lived lymphocytes have 
a lifespan of about two weeks, while the long lived 
cells may last for three years or more, or even for 
life. Short lived lymphocytes are the effector cells 
in immune response, while the long lived cells act 
as the storehouse; for immunological memory, Long 
lived cells ire mainly thymus derived. 

Lymphopoiesis takes place mainly in tile central 
lymphoid organs where they differentiate and 
mature before entering the circulation and then the 
peripheral lymphoid organs and tissues like a 
policeman on beat patrol. These populations of 
lymphocytes do not remain distinct bur mix together 


in a process known as ‘lymphocyte recirculation'. 
There is a constant traffic of lymphocytes through 
the blood, lymph, lymphatic organs and tissues. 
This recirculation ensures that following 
introduction of antigen into any pail of the body, 
Lymphocytes of appropriate specificity' would reach 
the site during their ceaseless wandering and mount 
an immune response. A lymphocyte completes one 
cycle of recirculation in about one or two days. 
Recirculating lymphocytes can be recruited by the 
lymphoid tissues whenever necessary. Recirculating 
lymphocytes arc mainly T cells. ii cells tend to be 
more sessile. Chronic thoracic duct drainage will 
therefore result in selective T cell depletion, 

A lymphocyte that has been 'educated' by the 
central lymphoid organs becomes an 
'immunulugiesJlY competent cell' (ICC). Mature 
T and H cells, before they encounter antigens are 
called naive cells. Kwh cells, though not actually 
engaged in an immunological response, are 
ncvertlidess folly qualified to undertake such a 
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rojmrsibiliEV when appropriately stimulated bv an 
antigen, dhey subserve the following functions— 
recognition of antigens, storage of immunological 
memory, and immune response to specific antigens. 
Lymphocytes have antigen reengrufioti rnethfunstiis 

on their surface, enabling each cell to recognise 
only one antigen. The reaction of an 
immunocompetent cell to its specific antigen may 
be induction of either 'tolerance' or the immune 
response. The nature of immune response depends 
on whether the lymphocyte is a EJ or T cell. 
Stimulated T cells produce certain activating 
products (lymphokines) and induce CM1, while 
stimulated B cells divide and Transform ifttO plasma 
cells which synthesise immunoglobulins. 

A number of surface antigens or markers have 
been identified on lymphocytes and other leucocytes 
by means of monoclonal antibodies. These 
markers reflect the stage oi differentiation and 
functional properties of the cells. As they were given 
different designations by the investigators who 


prepared the antibodies, the same marker came to 
be known by different names ( ! 4 P Leu3, and so¬ 
on), Otder was introduced at the 'International 
Workshops for Leucocyte Differentiation 
Arttige its'by comparing the specific] ties of different 
antisera. When a cluster of monoclonal antiJuidics 
was found to react with a particular antigen, it was 
defined as a separate marker and given a CD (cluster 
of differentiation) number. Over 150 CD markers 
have been identified so far. Table 15.1 lists a few 
CD markers, with their cell association and 
previous designations. (In spire of the CD 
nomenclature, some popular old names continue 
to be in u*e, for example, T4 and T8 are still in use 
for Cl>4 (bdpcr/mducer) and CDS (suppressor/ 
cytotoxic) cells}. 

The most clearyut differentiation between"! and 
B cells is by their surface markers, for example, by 
demonstration of CD.l on T cells and Ig on B cells. 
Many' other tests help an their differentiation {Table 
15.2). These include: 
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1. T cells bind to sheep erythrocytes forming 
mseftes (SRRC or E rosette) by CD2 antigen. 
B cells do not. 

2. B cells bind to sheep erythrocytes coated with 
antibody and complement. Forming EAC 
rosettes, due to the presence of a C3 receptor 
(CR2} on the B cell surface. This receptor 
(CR2) also acts as a receptor for the Epstein- 
Rjiet virus. T cells do not possess this, 

3. R cells have immunoglobulin on their surfacc. 
Eacli B cell carries about I0 J identical Ig 
molecules on its surface. The first Ig class to 
appear on the B cell surface is monomeric %M. 
Subsequently other classes {either LgG, IgA or 
IgE) may he present, along with TgD. The 
surface Ig on a B cell will have only a single 
antigen specificity. It therefore serves as the 
antigen recognition unit, T cells do not have 
surface Ig. Instead they have T cell receptors 
{TC R) composed of two chains of polypeptides, 

linked to CD3. 

4. T cells have thymus-specific antigens, which 
are absent on B cells. 

5. T cells undergo blast transfoimatidn on treatment 

with mitogens such at phytohemagglutiriin (PH A) 
or Concanavalin A (Con A), while B cells 
undergo similar transformation with bacterial 
endotoxins. Staphylococcus aureus [Cowan 1 
strain} or EB virus. 

6. Viewed under the scanning microscope, T cells 
are generally Free of cytoplasmic surface 
projections,, while B cells halt an extensively 
filamentous surface, with numerous microvilli. 

T Cell Maturation 

T cell precursors from the yolk sac, fetal liver and 
bone marrow migrate to the thymus during the 
embryonic and postnatal stages. The earliest 
identifiable cells ot T lineage are the Cl)7‘ p:o-T 
cells, which acquire CD2 on entering the thymus. 
They synthesise Cl)3 in the cytoplasm and become 
pre-T cells, T cell receptor (TCR) synthesis also 
takes place. 


TCR Is a heterodimer of glycoprotein chains 
expressed on thcT Cell surface, which in association 
with CD3 acts as the antigen recognition unit, 
analogous to the Ig nan rbe surface of B cells. TCR 
occurs as two pairs of glycoprotein chains, either 
alp or yd, Prc-T cells differentiate into two lineages, 
expressing cither Op or yS TCR chains. The large 
majority of T cells carry ft[i TCR. TCR chains 
contain four separately encoded regions—V or 
variable, D or diversity, J or joining and C or 
constant, as in the case of immunoglobulins and 
hence belong to the immunoglobulin gent- 
superiamity. By rcaasortment of these regions a very 
wide repertoire of antigen specificities can be 
formed op the T cell surface (Fig, 15.4). 

Contact with self antigens within the thymus 
leads to the destruction of immature T cells carrying 
the corresponding TCR, Thus, self tolerance or 
elimination of T ceils capable of reacting with sell 
antigens takes place in the thymus. But cells capable 
of reacting with autoantigens continue to arise 
throughout life. These potentially harmful 
'forbidden clones' are deleted by antigen specific 
supprrsnr cells. Irnmunncnmpetence against foreign 
antiger!: is also developed in the thymus, 

T cells also develop MHC restriction so that 
CDS* cells respond only to foreign antigens 
presented along with HLA Class I, and CD4' cells 
to those presented with HLA Class II molecules. 

Immature T cells in the thymus exhibit CD7, 
2* 3, 1, 4 and 8, besides TCR, On functional 

maturity, they lose CDl atid differentiate into the 
two major subsets CDS 4* or CD4 ET, Mature 
CUfl 4 + TCR cells arc he]per/inducer cells, 
inducing R cell differentiation, stimulating 
proliferation of CDS* cytotoxic cells, producing 
lymphokines and regulating certain stages of 
erythropolesis, CD4"8 + TCR ftp cells are 
suppressHar/cytuToxic cells, inhibiting B cell antibody 
synthesis and acting as cytouruC effector cells. Minor 
subsets of CD4 + cells and CDS* cells also exist. 
Small numbers of CWEt' and CD4"8" cells are 
also present in circulation. 
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The function of TCR 76 cells is not well 
understood, but they me believed to be immune 
surveiLlancc -cells on epithelial surfaces and a form 
of defense against intracellular bacteria, 

Sequential antigenic changes characterising T cell 
maturation enable their easy identification. Tins has 
application in defining 1 cel! malignancies. Acute T 
cell malignancies such as lymphoblastic leukemia and 
lymphomam involve earlvT cells, pno-T cells and other 
immature forms, Chronic T cell malignancies like 
mycosis tuuguides, peripheral T cell lymphomas and 
HTLV -1 associated adult T celt leukemias involve 
mature T cells, mainly Cl^4 - cells. 

r J" cells are broadly classified as regtdafory and 
effector cells, Based on their surface marker target 
cells and functions the following T cell category 
have been identified: 

1 , Helper/induccr cell (TH), with CD4 surface 
marker, MHC class ]I restriction; generally 
Stimulating and promoting the growth ofT cells 
and macrophages, Based urt the different profiles 
of cytokines produced, two subsets are identified. 
THl and TH 2 . 

THl cells produce mainly the cytokines 
interferon gamma (IFN-y) and interleukin -2 
(IL2) which nctiralr macrophages and T cells 
promoting CMl, destruction of target cells and 
killing of intracellular microbes, such as 
tubercle and lepra bacilli. 

TH2 cells produce mainly the cytokines 11,4, 5 
and 6 which stimulate B cells to fotm antibodies, 

2, Suppressor T Cell (Tsf: these have CDS surface 


marker and MHC class I restriction. They' down 
regulate immune responses and check over 
stimulation. 

3. C ytotcre i cV'c y to I yr i c T cell O’.) with CDS surface 

marker and MHC class I restriction. These can 
kill and lyse target cells carrying new or foreign 
antigens, including tumour, allograft and virus 
infected cells. 

4. Memory cells Tm both CT^4 anti CDS cells 
provide memory and anamnestic immune 
responses, 

li Cell Maturation 

13 lymphocyte precursors, pro-B cells, develop in 
die focal liver during embryonic life and in the bone 
marrow afterwards continuously throughout life. 
Rearrangement of immunoglobulin genes takes 
place cur their becoming pre-B cells, which 
synthesise cytoplasmic IgM In the next stage - 
immature B cells - IgM is expressed on the cell 
•surface. These Cells migrate to the periphery and 
undergo immunoglobulin isotype switching so that 
instead of IgM alone, the cell expresses on its 
surface lgD, as wdl as one of the other Ig classes— 
IgM, JgG, IgA or IgE, By rcas wrtment of lg genes, 
H cells develop the capaci ty to produce lg molecules 
which can react with all the possible epitopes. By 
a process of allelic exclusion, each B cell becomes 
programmed to form only one class oflg, with either 
Japptiand Lmhdit light chain, possessing specificity 
to a single epitope alone, and to express it on the 
cctt surface. By contact with self antigens during 


table 15-1 Leucocyte differentiation antigens (a few examples) 


CD number 

Cell tjrpe association 

Former designntii 

CD 1 

Thymiicy™, Langerhan* ceils 

TG, Leu 6 

CD 2 

T cell SRBC receptor 

Til, Leu 5 

CD 3 

T cell antigen receptor complex 

T3, Leu 4 

CD 4 

Helper T cell (receptor for HIV) 

T4, Leu 3 

CD 8 

Supprcssor/cvKvtfBijC T cells 

T!, Leu 2 

CD 19 

B cells 

R4, Leu 12 
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Table 15 .2 Seme distinguishing characteristics Of T cells, 6 cells and macrophages 


Property 


T cell B cell Macrophage 


CD 3 receptor 
Surface immunoglobulins 
Reccprur fur Fe piece of IgG 
EAC rosette 

(C3 receptor, CRJt; EBV r e ce p to r) 
SRBC rosette (CD2; measles receptor) 
Thymus-specific anrigens 
Numerous microvilli, on surface 
Blast transformation with: 
a. anti-CD 3 
h- antirle 
tPHA 

d- ConcaoavaJin A 
c Endotariltt 
Phagocytic action 
Adherence to glass surface 



development, self tolerance is developed by clonal 
deletion nr aiicrgy. 

On contact with its appropriate antigen, the 
mature R cell undergoes clonal proliferation. Some 
activated H cells become long-lived memory cells 
responsible for the recall phenomenon seen on 
subsequent contact with the same antigen. The 
majority of activated R cells are transformed info 
plasma cells. 

Plasma celt is the antibody secreting celt. It is 
oval, about twice the size of a small lymphocyte, 
with an eccentrically placed oval nucleus containing 
large blocks of chromatin Located peripherally 
(cartwheel appearance). The cytoplasm lS large and 
contain* abundant endoplasmic reticulum and a 
well-developed Golgi apparatus. It is structurally 
designed to be an immunoglobulin producing 
factory. Plasma cells, are end cells and have a short 
lifespan of two nr three days. A plasma cell makes 
an antibody of a single specificity, of a single 
ImmuncglobLilin class and allotype, and of a single 
light chain type only. An exception is seen in the 
primary antibody response, when a plasma cell 
producing IgM initially, may later be switched to 
IgO production. While plasma cell is the best antibody 


producing cell, lymphocytes, lymphoblasts and 
transitional cells may also synthesise Ig to some 
atent, 

A separate Uncage of B cells* which are 
predominant in fetal and early neonatal life, express 
the T cell marker CDS on their surface and have 
been named as Bl cells. Their progenitor cells move 
from tbe fetal liver to the peritoneal cavity where 
they multiply. They tecrete low affinity polyrcactive 
IgM antibodies, many of them autoantibodies. They 
are responsible for the T- independent ‘natural/IgM 
antibacterial antibodies which appear in neonates 
seemingly without antigenic stimulus. CD5+ B 
cells may be relevant in die causation of autoimmune 
conditions. 

Null Cells 

When circulating lymphocytes are classified by 
their surface markers info 1’ and R cells, about 
5-10 pet cent of the cells are fou nd to- lack features 
of either type. They weie called ntlfl dfiifs. Because 
of their morphology, they are also known as luge 
granular lymphocytes (LGL). They are nearly 
double the siae of the small lymphocytes, with 
indented nuclei aod abundant cytoplasm containing 
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several azurophilic granules, composed of 
mitochondria, ribosomes, endoplasmic reticulum 
and Golgi apparatus. LGL arc a heterogeneous 
group of cells with differences in rheir functional 
and surface marker features. The most important 
member of’ this group is the nulutnl killer (NK.) 
cell, Others are the antigen dependent Cytvfoxie 
cells (ADCC) and the lymphokine activated killer 
(LAK) cells. The term NK cell is sometimes used 
as a common name for all null cells. 

Natural killer cells possess spontaneous 
cytotoxicity towards various target cells, mainly 
malignant and vims Infected cells. Their cytotoxicity 
is not antibody dependent or MHC restricted. NK 
activity is ‘natural' or 'nonimmune' as it does not 

f 

require sensitisation by prior antigenic contact. NK 
cells therefore form part of the innate immune set¬ 
up. They belong to a different lineage from T and 
LI cells and are therefore normally active in 'severe 
combined immunodeficiency diseases', in which 
mature T and B cells are absent. They have CD16 
and CD5b on rheir surface. They bind to the 
glycoprotein receptors on the surface of autologous 
as well as allogeneic target cells and release several 
cytolytic factors. One of these, pcriofin t which 
resembles complement component CN, causes Trans* 
membrane pones through which Cytotoxic factors, 
such as the tumour necrosis factor beta, enter the 
cell and destroy it by ftpoptosis (programmed cell 
death). NK cell activity is augmented by interferon. 
They are considered to be important in immune 
surveillance and natural defence against virus 
infected and malignant mutant cells. 

A subpopulation of LGLs possesses surface 
receptors for the Fc pari of Ig. They are capable of 
lysing or killing target cells sensitised with IgG 
antibodies. This antibody dependent cellular 
cytotoxicity is distinct from the action of cytotoxic 
T cells, which is independent of antibody. ADCC 
cells were formerly called killer (K) cells but are 
now classified with NK cells. 

Lymphokinc activated killer (LAK) cells are NK 
lymphocytes, treated with interleukin-2 (IL2), 


which ate cytotoxic to a wide range of tumour cells 
without affecting normal cells. LAK cells have 
shown promise in the treatment of some tumours 
such as renal cell carcinoma. 11.2 also acts as a 
growth factor for NK cells. 

Phagocytic cellar Phagocytosis is phylo- 
gen-ctically the oldest defence mechanism in 
animals. Originating in protozoa as a combined 
mechanism for nutrition and defence, along the 
course of evolution, the phagocyte lost its trophic 
functions with the development of digestive 
enzymes. In higher organisms it specialised in the 
removal of foreign and autochthonous particles. 
Phagocytic cells are the mononuclear macrophages 
(ot blood and tissues] and the polymorphonuclear 
microphages. 

The blood macrophages (mofiocyres) are the 
largest of the lymphoid cells found in peripheral 
blood (12-IS pm). The tissue macrophages 
(histiocytes) are larger (15-20 pm). Mononuclear 
macrophage cells originate in the bone marrow from 
precursor cells and become monocytes in about six 
days, Monocytes in circulation have an approximate 
half-life of three days. They leave the circukbon 
and reach various tissues to become transformed 
into macrophages, with morphological and 
functional features characteristic of the tissues, such 
w alveolar macrophages In the lungs and Kupffer 
cells in the Liver. Tissue macrophages survive for 
months. Multi nucleated cells and epithelioid cells 
seen in granulomatous inflammatory lesions such 
as tuberculosis originate from mononuclear 
macrophage cells. 

The primary function of macrophages ts 
phagocytosis. These cells move slowly in a 
ponderous and purposeful manner, their abundant 
cytoplasm thrusting out restless pseudopodia that 
glide harmlessly past normal body cells but engulf 
effete cells and Foreign particles. They accumulate 
in areas of inflammation or tissue damage by 
chcmotaxis. Particles sensitised by' antibodies arc 
phagoeytosed mote readily. The phagocytosed 
particle is held inside a vacuole (phagosome), the 
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membrane of which fuses-with ;l lyfioSOme, forming 

a 'phagolysosome*. Lysosomal enzymes digest the 
particle, the remnants being extruded from the cells, 
While phagocytosis is an effective defence against 

most microorganisms, some {such as the bacilli of 
typhoid, broccUosis and tuberculosis-) resist digestion 
and may multiply in the cells and he transported in 
them to other locations. 

Macrophages express many surface receptors 
including la proteins, those for the Fc part oflgG, 
activated complement components and various 
lymphokincs, Mac 3 is a protein antigen found on 
mouse macrophages. A similar protein on human 
macrophages has been named Ml marker. This 
appears closely related to CR.1 f a tell receptor for 
C3 components. 

Macrophages may participate in several ways 
in the induction and execution of she specific 
immune response. They trap the antigen and provide 
it, in optimal concentration,, to the lymphocytes. 
Too high a concentration of antigen may be 
tolerogenic, and too low a concentration may not 
be immunogenic. It has also been shown that with 
SOrtie antigens, prior processing by macrophages is 
an essential prcrcquisirc for induction of antibodies. 

Hit processing and presentation of antigen by 
the macrophage to T cells require that both the 
cells possess surface determinants coded for by the 
same major histocompatibility complex (MHC} 
genes. The T cell cut accept the processed antigen 
only if it is presented by a macrophage carrying on 
its surface the self-MHC antigens. When the 
macrophage bears a different MHC antigen, it 
cannot cooperate with the T cells-. This is JVffiFC 
restriction. 

'Hie functional efficiency of macrophages can 
be increased in many ways. They may be 'activated' 
by lymphobines, Complement components nr 
interferon. Activated macrophages are not antigen- 
specific. For cwuimk. activated macrophages from 
animals infected with one micfflarguii mb are 
cytotoxic W tumour cells as well as to many other 
microorganisms. Activated macrophages show 


morphological and functional changes as compared 
wi th un&ti mulated quiescent macrophages. They are 
larger, adhere better, spread faster on .glass and are 
more phagocytic. They secrete a number of 
biologically active substances, including hydrolytic 
enzymes,binding proteins {fibronectin, transferrin), 
turnout necrosis factor (cachectin), colony 
stimulating factor (CSF) and interleukin 1 
(formerly called the leukocytic activating factor). 
Interleukin 1 acts as an endogenous pyrogen and 
also Induces synthesis of interleukin 2 by 1" cells, 
Interleukin 2 facilitates the activation of T cells. 
When stimulated by cy tophi lie antibodies and 
certain lymphukinrs, macrophages become: ■‘armed 1 . 
Such armed macrophages are capable of antigen* 
specific cytotoxicity, which is important in 
antitumour activity and grail rejection, 

Microphagea are the polymorphonuclear 
leucocytes of the blood—neutrophils, eosinophils 
and basophils. Neutrophils arc actively phagocytic 
and form the predominant cell type in acute 
inflammation. The phagocytic: property of 
neutrophils a a nonspecific, except for its 
augmentation by opsomns. Hiey do not appear to 
have any role in specific immune processes. 
Eosinophilic leucocytes arc found in large numbers 
in allergic inflammation, parasitic infections and 
around antigen-antibody complexes. They primarily 
inhabit tissues rather than the bloodstream, Their 
distinctive feature is the presence of two types of 
granules—the small, round, homogeneous ones and 
the large ovoid ones. The granules contain, a variety 
of hydrolytic enzymes which bring about extracellular 
killing of large parasites. Eosinophils possess 
phagocytic activity but only to a limited degree. 

Basophil leucocytes are found in the blood and 
tissues (mast cells). Their cytoplasm has large 
numbers of prominent ha so philk granules 
containing heparin, histamine, serotonin and other 
hydrolytic enzymes. Degranulation of mast cells, 
with release of pharmacologically active agents, 
constitutes the effector mechanism in anaphylactic 
and stnpic allergy. 
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Dendritic uells: While macrophages are the 
major antigen pUCttfitifig cells, another type of cell 
known as the dendritic cell also perform* thi( 
fundi urn. Dendritic cells are hone marrow derived 
cells of a lineage different from the macrophages 
andT or R lymphocytes. They possess MHC class 
II antigens but not Fc or sheep KI1C receptors or 
surface immunoglobulins. They have little or no 
phagocytic activity. They are highly pSeortiurptik, 
with a small central tody and many long needte- 
likc processes, and arc present in the peripheral 
blood and in the peripheral lymphoid organs, 
particularly in the germinal areas of the spleen and 
lymph nudes. Dendritic cells are specially involved 
in the presentation of antigens to T cells during 
the primary immune response. 

The B cell is another antigen presenting cell, 
particularly during the secondary immune response. 

Langcrhans cells in the skin possess features of 
macrophages and dendritic cells. They process and 
present antigens that reach the dermis, 

M MOR UlSTOCOMPATIBIUT'H 
Complex <MJiC) 

The primary function of the immune system is the 
recognition and elimination of foreign cells and 
antigens chat enter the body, Tissues and organs 
grafted from one individual to another member of 
the same species ('allografts') are recognised as 
foreign and rejected, ft was the early work of Gorcr 
in the 1930s on the antigens responsible for allograft 
rejection in inbred mice that led to the discovery of 
the major hisiueumparibility complex (Ml 1C). 

Go ret identified two blood group antigen 
systems in mice, one of which (antigen 1) was 
common to all the strains. Antigen 2 was found 
only in some strains, and appeared to be responsible 
for allograft rejection. This was called the li-2 
antigen (H for hislucocilparibilitVi Chapter 20). 
The histocompatibility antigen!; are cell surface 
antigens that induce an immune response leading 
to rejection af allografts. (H-2 antigen system was 
found to be the major histocompatibility antigen 


for mice and to be coded lor by a closely linked 
muliiaUelic cluster of genes, which was called the 
major histocompatibility complex. 

The development of congcnic and recombinant 
strains of mice by Snell enabled the detailed analysis 
of the various loci of this complex. (The term 
'congenic f means animals which differ only at a 
single genetic kurus). Dausset pioneered studies Oil 
human leucocyte antigens, which were later found 

to be the major histocompatibility antigens id 
human beings. 

The genetic basis of immune response, which 
had been suggested by many early observations, was 
proved by Benacerraf and colleagues, who 
established that the ability to respond 
immunologic ally to an antigen was conditioned by 
specific genes called the immune response (It) 
genes. For their work. Oil MHC and the genetic 
control of immune response, Snell, Dausset arid 
Bcnaccrraf were awarded the Nobel Prize for 
Medicine in I9fl0. 

Early studies on MHC were carried out in mice. 
However, all species of animals (including human 
beings,) examined subsequently were found to 
possess a similar complex of genes on a segment of 
one cliroirtosome pair, coding for three different 
classes of proteins: 

1. Class L proteins that determine histo¬ 
compatibility, and the acceptance or rejection 
of allograft* (tissues or organs from different 
individuals within the same species) [ 

2. Class II proteins that regulate the immune 
response; and, 

3. Class 111 proteins that include some components 
of the complement system and a few others. 
The name 'histocompatibility complex' arose 

because its discovery was based on transplantation 
experiments, and only later were the Other two 
components of the complex identified- Tie major 
antigen* determining histocompatibility in human 
beings are aUoantigens, characteristically found on 
the surface of leucocytes, I luman MHC antigens 
are therefore synonymous with human leucocyte 



13-0 


% Textbook of Microbiology * 


antigens (HLA), and die MHC complex of genes 
with die HLA complex. 

] [I. j\ complex: The HLA complex of genes is 
located On the short arm of chromosome 6 {Fig. 

15.5)* Ir consists of three separate clusters of genes; 

1) HLA class I comprising A f B and C loci; 

2) Class II or the D region consisting of DR, DQ, 
and DP loci; and 

3) Class [II or the complement region containing 
genes for complement components C2 and C4 
of the classical pathway, as well as properdin 
factor E of the alternative pathway heat shock 
proteins and tumour necrosis factors a and pi, 
HLA loci are multiallelic 1 that is, the gene 

occupying the locus can be any one of several 
alternative forma (alleles). As each allele determines 
a distinct product (antigen), the HLA system is 
very pleomorphic. For example, at least 24 distinct 
alleles have been identified af HLA locus A and 
50 at B. 

HI, A molecule*: HLA antigens arc two'chain 
glycoprotein molecules anchored on the surface 
membrane of cells {Fig. 15-6)- 

Class I molecules consist of a heavy peptide 
chain (alpha chain) noncovalendy linked to a much 
smaller peptide called beta 2-microglobulin (beta 
chain). The beta chain has. a constant aminoacid 
sequence and is coded tor by a gene on chromosome 
15. The alpha chair consists of three globoid 
domains (alpha I, alpha 2 , alpha .>) which protrude 
from the ceil membrane and a small length of 
transmembrane C terminus reaching into the 
cytoplasm. The distal domains {alpha 1 and alpha 
2) haw highly variable aminoaudd sequences and 
ate folded to form a cavity or groove between them. 
Protein antigens processed by macrophages or 
dendritic cells to form small peptides art bound to 
this groove lor presentation to CDS T cells. The T 
cell will recognise the antigen only when presented 
as a complex with the MHC das* I molecule and 
not otherwise (MHC restriction). When so 
presented, the CDS cytotoxic killer cell destroys 
the target cell [for example, a virus infected cell). 


HLA class I antigens (A, B and C) are found 
on the surface of virtually all nucleated cells. They 
are the principal antigens involved in graft rejection 
and cell mediated cytolysis. Class 1 molecules may 
function as components of hormone receptors. 

HLA class II antigens are more restricted in 
distribution, being found only on cells of the 
immune system—macrophages, dendritic cells, 
activated 1’ cells, and particularly on B cells. 

Class il antigens are hererodimers, consisting 
of an alpha and a beta chain (Fig. 15.7). Each chain 
has two domains, the proximal domain being the 
constant region arid the distal the variable,The two 
distal domains (alpha 1, beta 1) constitute the 
antigen-binding site, for recognition by CD4 
lymphocytes, in a fashion similar to the recognition 
of the Class 1 antigen peptide complex by CDS T 
cells,. HLA class 11 molecules are primarily 
responsible for the grait-versus-host response and 
the mixed leucocyte reaction (MLR). 

Both class 1 and II molecule* are members of 
the immunuglLihuliu gene syperfem Lty The i uimeiK 
response (It) genes which control immunological 
responses to specific antigens are believed to be 
situated in the HLA Class II region, probably 
associated with tile DR locus. It genes have been 
studied extensively in mice and located hi the 1 
region of mouse All IC. They code for la (I region 
associated) antigens consisting of 1A and IE 
proteins. However, the relevance of Jr genes in 
humans is not dear. 

HLA class III molecule* are heterogeneous. 
They include complement components linked to 
the formation ofC3 conwertases, heat shock proteins 
and tumour necrosis factors. They also display 
polymorphism. 

The MHC system was originally identified in 
the context of transplantation, which is an artificial 
event. In the natural state, besides serving as cell 
surface markers that help infected cells to signal 
cytotoxic and helper T cells, the enormous- 
polymorphism of the MHC helps maximise 
protection against microbial infections. Bv increasing 
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Fig. 15.5 HLA comple* iQcl On chromosome 

the specificity of self Antigens, the Ml It’ prevents 
microbes with related antigenic make up sneaking 
past host immune defences by molecular mimicry. 
The primary aim of the MHC may be defence 
against microbes and nor against the graft. 

MHC has been implicated in a number of 
nonimmunological phenomena such as individual 
odour, body weight in mice and egg laving in 
chi ckens. 

HLA typing: Antisera for HLA typing were 
obtained principally from multiparous women as 


they tend to have antibodies to the HLA antigens 
of their husbands, due to sensitisation during 
pregnancy. Monoclonal antibodies to H LA antigens 
have been developed. Typing is done scrcslcigicatly 
by microcytotoraciry, which tests for complement 
mediated lysis of peripheral blood lymphocytes with 
a standard net of typing sefsu However, serological 
typing is not possible for HLA-I JR antigens, which 
arc detected by the mixed Leucocyte reaction (MLR) 
and primed lymphocyte typing (FLT), respectively. 
Genetic methods are being used increasingly for 




Fig. 15.6 HLA Class I molecule 


Fig. 15.7 HLA Class II molecule 
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HLA-typing in advanced centres. 'I"hcsc employ 
restriction fragment length polymorphism (Rt'LP) 
and gene sequence specific oligonucleotide probe 
typing 

The HLA antigens coded for by the 
combination of alleles at each Iocilh on one strand 
of a. chromosome pair represent the haplotypc.Thc 
complete HLA type of ait individual Comprises the 
antigens represented on both strands of the diploid 
chromosome and so will consist ul TWO haplotvpes 
(for example, HLA-Al, -A2; -E7, -BlS^ -C-W3, 
-Dwfli L>w4; -Dw7;-DRl; -DR7; DQyrl; -QwT- 
-DPw4; -DPwh), 

Due to the extreme pleomorpllisitl of the HLA 
system, delineation of the HLA type provides a 
method of typing of individuals, that is far more 
discriminating than blond grouping, HLA typing 
is used primarily for testing compatibility between 
recipients and potential donors before tissue 
transplantation. It also has applications in disputed 
paternity. As the prevalence of HLA types varies 
widely b e t w e en different human races and ethnic 
groups, HI A typing is used in anthropological 
Studies. Population studies of HI A polymorphism 
suggest the origin of fhe human species in Africa 
and emigration as different subtypes rn other 
continent*. An association has been observed 
hetween HLA types and certain diseases. Such 
diseases arc generally of uncertain etiology, 
associated with immunological abnormalities and 


exhibit a hereditary tendency. For example, strong 
association has been found between ankylosing 
spondylit is and HLA-B27, rheumatoid arthritis am! 
HLA-DR4, and many autoimmune conditions and 
HIA-DR3. 

MHC Restriction 

The importance of MHC antigens in immune 
reaction is indicated by the finding that T cells 
respond to processed antigens on the macrophages 
and other accessory cells only when they are 
presented along with the self-\1HC antigen. This 
is known as MHC restriction. Both dans 1 and class 
II antigens operate in this phenomenon. Cytotoxic 
T lymphocytes from immunised mice arc able to 
kill and lyse virus infected target cells only when 
the T cells and target cells are of the same MHC 
type, so that the T eelk can recognise class I MHC 
antigens on the target cells. I klper T cells can accept 
antigen presented bv macrophages a ntv when the 

macrophages bear the same class II MHC 
molecules on the surface. For T cells participating 
in delayed type hypersensitivity the antigen has to 
be presented along with class II MHC 
determinants. 

In view of the great importance of MHC 
restriction in immunological control, the Nobel 
Prize for Medicine for the year 1^6 was awarded 
to Peter Doherty and Rolf Zi nkerragel for their 
seminal contributions in this area. 
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Immune Response 



The specific reactivity induced in a host by an 
antigenic stimulus is known as the immune 
response. In infectious disease it eh generally equated 
with protection against invading microorganisms. 
But the immune response has a much wider scope 
and includes reactions against any antigen, living 
or nonliving. It may lead to consequences that are 
beneficial, indifferent or injurious to the host. It 
also includes the state of specific nonreactivity 
(tolerance) induced by certain types of antigenic 
stimuli, I’hc immune response can he of two types 
— the humoral {antibody mediated) and the cellular 
[cell mediated) types- The two are usually 
developed together, though at times one or the 
other may be predominant or exclusive. They 
usually act in conjunction but may sometimes act 
in opposition. 

Antibody mediated immunity [AMI) provides 
primary' defence against most extracellular bacterial 
pathogens, helps in defence against vinsses that infect 
through the respiratory or intestinal tracts, prevents 
recurrence of viius infections and participates in the 
pathogenesis of immediate (types l r 2 and 3) 
hypenenutivity and certain autoimmune diseases, Cell 
mediated immunity [CMI) protects against fungi, 
viruses arid facultative intracellular bacterial pathogeny 
participates in the rejection of homograftH and graft- 
versus-host reaction, provides immunological 
surveillance and immunity against cancer, and mediates 
the pathogenesis of delayed (type 4) hypersensitivity' 
and certain autoimmune diseases. 

HUMORAL IMMUNE RESPONSE 

The production of antibodies consists of three steps: 


L The entry of the antigen, its difiriitoudon and file 
in the tissues and its contact with appropriate 
immunocompetent cells (the iffmat limb). 

2. The processing of antigen by cells ind the 
control of the antibody' forming process [central 
functions). 

.1. The secretion of antibody, its distribution in 
tissues and body fluids and the manifestations 
of its effects (etifenenf lunti). 

Antibody production follows a characteristic pattern 
consisting of: 

a. A lag phase, the immediate stage following 
antigenic stimulus during which no antibody is 
detectable in circulation. 

h. A log phase in which there is steady rise in the 
titnq of antibodies. 

e, A plateau or steady state when there Is an 
equilibrium between antibody synthesis and 
catabolism. 

d. The phase of decline during which the 
catabolism exceeds the production and the tilre 
falls [Fig. 16.1). 

PRIMARY AND SECONDARY RESPONSES 

The antibody response to an initial antigenic 
stimulus differs qualitatively and quantitatively from 
the response to subsequent stimuli with the same 
antigen. The former Is called the primary response 
and the latter the secondary response (Fig. 16.2). 
The primary response is slow' sluggish and short¬ 
lived, with a long lag phase and low titre of 
antibodies that does not persist furlong. In contrast, 
the secondary response is prompt, powerful and 
prolonged, with a short or negligible lag phase and 
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a much higher level of antibodies that lasts for long 
period-5- The antibody formed in the primary response 
is predominantly IgM and in the secondary response 
[gG.'The early antibody is mote specific but less add 
than the late antibody The duration of the lag phase 
and the persistence ofthe antibody vary with the nature 
of the antigen. With some antigens such as diphtheria 
toxoid, the lag phase in the primary response may be 
as long as 2-3 weeks,, while with pneumococcal 
polysaccharide, anti bodies can be detected aS early as 
within a few hours. 

A single injection of an antigen helps more in 
sensitising or priming the immunocompetent cells 
producing the particular antibody than in the actual 
elaboration of high levels of antibody Effective 
levels- of antibody are usually induced only by 
subsequent injections of the antigen. It is for this 
reason that nonliving vaccines are given in multiple 
doses for active immunisation. The first injection 
is known as the priming dose and subsequent 
injections as booster doses. With live vaccines, a 
single dose is sufficient as multiplication of the 
organism in the body provides a continuing 
antigenic stimulus that acts as both the priming 
and booster dose, 

When an antigen is injected into an animal 
already carrying the specific antibody in circulation. 



Fig, 16.1 Primary immune response. An antigenic 
stimulus 1. latent period. 3. rise In titrs of serum 
antibody. 3. Steady slate of antibody litre. 4. decline 
of antibody litre. 



Fig. 16.2 Effect of repeated antigen c stimulus. A, B, 

C antigenic stimuli, 1. primary immune response. 

3. secondary immune response. 1 negative phase. 

4. high level ol antibody loUtowing booster injection. 

a temporary bill in the level of circulating antibody 
occurs due to the combination of the antigen with 
the antibody. This has been called the negative 
phase. It is followed by an increase in the titre of 
the antibody exceeding the initial level. 

Fate of Antigen in Tissues 

The manner in which an antigen is dealt with in 
the body depends on factors such as the physical 
and chemical nature of the antigen, its dose and 
route of entry, and whether the antigenic stimulus 
is primary or secondary. Antigens introduced 
intravenously are rapidly localised in the spleen, 
liver, bone marrow, kidneys and lungs. They are 
broken down by the reticuloendothelial cells and 
excreted in the urine, about 70—80 per cent being 
thus eliminated within one nr two days. To contrast, 
antigens introduced subcutaneously are mainly 
localised in the draining lymph nodes, only small 
amounts being found in the spleen. 

Particulate antigens are removed from 
circulation in two phases. The first is the 
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nor immune phase during which the antigen is 
engulfed by the phagocytic cells, broken down and 
eliminated. With the appearance of the specific 
antibody, the phase of immune elimination begins, 
during which antigen-—antibody complexes are 
formed and arc rapidly phagocytosed, resulting in 
an accelerated disappearance of the antigen from 
circulation. With soluble antigens, three phases can 
be recognised—equilibration, metabolism and 
immune elimination. The phase of equilibration 
consists of diffusion of the antigen to the cctravascular 

spaces. During the metabolic phase, the level of the 
antigen falls due w> catabolic decay. During the phase 
of immune elimination, them is rapid elimination of 
the. antigen with the form a don of antigen-—antibody 
complexes. Such complexes can cause; tissue damage 
and may be responsible for 'immune complex 
diseases' such as scrum sickness. 

The speed of elimination of an antigen is related 
to the speed at which it is metabolised. Protein 
antigens are generally eliminated within dap or 
weeks, whereas polysaccharides which arc 
metabolised slowly, persist for months or years. 
Pneumococcal polysaccharide, for instance, may 
persist upto 20 years in human beings, following a 
single injection. 

PnimrciTidN of A-VTIBODIBif- 

Immune response to an antigen is brought about 
hy three types of cells: antigen processing cells 
1APC—principally macrophage* and dendritic odis), 
T cells and B cells. The first step is the capture and 
processing of the antigens by APC and their 
presentation, fo association with the appropriate MHC 
molecule, to T cells. While this step is essential for 
most antigens (T cell dependent antigens such as 
proteins and erythrocytes}, in the case of T cell 
independent antigens, such as polysaccharides and 
other structurally simple molecules with repeating 
epitopes, antibody production does not require T cell 

participation. 

Only when the processed antigen is presented 
on the surface of APC, in association with Ml IC 


molecules, to the 1 cell carrying the receptor 

CTCR) for the epitope is the T cell able to recognise 
it. In tile case uf CD4 (helper T/T H ) cells, the 
antigen has In he presented completed with MHC 
Class II and for CDS (cytotoxic T/T^) cells with 
MHC class 1 molecules. B cells, which possess 
surface Ig and MHC class II molecules, can also 
present antigens to 1 cells, particularly during the 
secondary response. 

The TH cell requires two signals for activation. 
The first signal i* a combination of the T cell receptor 
tTCR) with the MHC class II-completed antigen. 
The second signal is interleukin-1 (1L1) which is 
produced by the APC. 1 Fhe activated TH cell forms 
tntcrleuMn-2 and other cytokines required for B cell 
stimulation- These indude 1L4, IL5 and JLft which 
act as B ctU growth (actor (ROGF) and the B cdl 
differentiation factor (BCDF) that activate 8 cells 
which have combined with their respective antigens 
to dtirtalh pfolifrfHtE and differentiate into antibody* 
secreting plasma cells- A small proportion of activated 
B cells, instead of being transformed into plasma 
cells, become long lived memory cells producing a 
secondary type of response to subsequent contact with 
the antigen. 

Cytotoxic T (CDfi/TC] cells are activated when 
they contact antigens presented along with MHC 
class I molecules. They also reed a second signal 
1L2, which is secreted by activated T,. cells. On 
contact with a target cell carrying the antigen on 
its surface, the activated T c cells release cytotorans 
that destroy the target, which may be virus infected 
or tumour cells, SomeT c cells also become memory 
cells (Fig. 16.3). 

Mun<m :ion,\i Anti isumi-:s 

A single antibody forming cell or done produces 
antibodies specifically directed against a single 
antigen or antigenic determinant only. However, 
antibodies produced ordinarily by infection or 
antigens have 
determinants, each of which generates separate 
clones of lymphocytes. This results in antisera 


multiple epitopes or antigenic 
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Fig. tfi. 3 : Outline schema at immu nc response ag am si I celt dspendanl antigen 

1. Antigen presenting cells (ARC) proeetsp ha gccytosed antigens <Aj in their cytoplasm ipres. ntheeell 

su ffacfrimiTiynogefticepilooesi'eicom pie* edwilhHHC Ctas sfl molecules, 

2. Signs Is for the activation of C£M <T h Ji cells are a combination of the T Cell a ntigen ■ ,i. The MH< 

Classll antigen complex on APC,and stimulation fey I4.'1 relied fey APC, 

3. The activated T H cell sprouts H-Z receptors and secretes cytokines wh ich act on 0 cells c -w y i >ig 5 u r; .• c r kg for 
the e p Hope , causing cell growth end d iff erenilal ion |4). 

5, Some of the activated B cells become memory cells (6 J. while others are transformed cell r 

secreting antibody against the antigen (6|. 

7r Some To talis re main as memory cells |THM|. 

B Cytotoxic T ceils are stimulated by IL-Z released by the activated T M cell. On m-• *.sr: ir.- 

completed with MMC Class (molecules On the surfaced target cells, (he T c cell releases cytolorms winch 
destroy the target cells (9 ), 

1 d. Some T c cells become memory ee lls 1T LU |. 


Copyrighted material 



■* Immune Response ► 


137 


containing immumjglobutioH of different davse*. with 
specificities against different epitopes of the antigen. 
On the other hand, when a done of lymphocytes or 
plasma cells undergoes selective proliferation, an in 
multiple myeloma, antibodies wi rfi a single antigenic 
specificity aocuniuLatc. Such antibodies produced by 
a single done and directed aj^Insr a single antigenic 
determinant are called monoclonal antibodies. 
Moqoc/imel? ajifihtjdjfrs are very useful rends. for 
di agnostic and research techniques. 

An ingenious method for the large scale 
production of monoclonal antibodies against any 
desired antigen was developed by Kohler and MiktcLn 
in 1975. Jn recognition of the great importance of 
thin hybridoma technology, the Nobel Prize for 
Medicine was ^warded to them in 19134, I iybridomas 
ate somatic ccU hybrids produced by fusing antibody 
forming spleen cells with myeloma cells. The resultant 
hybrid rerains the antibody producing capacity of the 
spleen cell and the ability of the myeloma cells to 
multiply indefinitely [Fig. 16,4), 

Lymphocytes from the spleen of mice 
immunised with the desired antigen are fused with 
mouse myeloma cells grown in culture which do 
rot form immunoglobulins and are deficient in the 
enzyme hypoxanthine phosphoribosyl transferase 
(HFRT). The fused Cells are placed in basal 
culture medium (HAT medium containing 
hypoKanfhinc, aminopterin and thymidine) which 
docs not permit the growth of the enzyme 
deficient myeloma cells. As normal lymphocytes 
cannot replicate indefinitely, only hybrid celts 
posseting properties of both the splenic 
lymphocytes and myeloma cells can grow in 
culture, These hybrid cells, called hybridomas, are 
cloned and examined for the production of 
antibodies. Clones producing antibodies against the 
desired antigen are selected for continuous 
cultivation. Such hyhridomas can be maintained 
indefinitely in culture and will continue to form 
monoclonal antibodies. They may be also injected 
iiitraperitooeally in mice and mooocJbnal antibodies 
may be obtained by harvesting the ascitic fluid 


produced- Hyhridomas may be frozen lor prolonged 
Storage. The discovery of the hybridoma technology 
for the production oi unlimited quantities of identical 
monoclonal antibodies of the same Ig class, possessing 
uniform specificity, affinity and other properties, 
created a revolution in immunology bv opening up 
numerous diagnostic, therapeutic and research 
applications. Monoclonal antibodies against several 
antigens sue now available commercially. 

Murine monoclonal antibodies, however, proved 
unsuitable for human therapeutic use because they 
induced strong antimcmsc immune response. 
Moreover, the Fc piece of mouse Ig could not 
initiate effector defence mechanisms in human 
beings, Various modifications were introduced to 
improve efficiency. Cleaved Fab iragments could 
be coupled to various active substances like toxins, 
enzymes, radionuclides or cytotoxic drugs. Mouse 
monoclonal* have been humanised by genetic 
manipulation to make chimeric antibodies 
Consisting of murine variable regions and human 
constant regions. Grafting of murine monoclonal 
C1>R loops on a human Ig framework provides a 
virtually human molecule. (The antigen binding 
surface of an antibody is. composed of sis 
hypervariaMe loops of ami noaeids. These are called 
complementarity determining regions or CDRs). 

I lunian monoclonal anybodies have subsequently 
been developed. Genes for particular antibody 
fragments have been fused to bacteriophage gcn.CS, 
Whole libraries of snch antibodies have been built 
using bacteriophages. I Jige quantities of the desired 
antibody can be prepared by infecting bacteria with 
the appropriate bacteriophage. Such antibody 
engineering holds great pmmisc for immunotherapy 

Factors Influencing Antibody 
Production 

Gunetic factors: The immune response is 
under genetic control. The differences in immune 
response to the same antigen shown hy different 
individuals in a species is determined by genetic 
differences. The terms 'responder 1, and 
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"non responder are used to describe the individuals 
capacity to respond to a particular antigen. The Ir 
(immune response) genes control this property. 
Ajjt" The embryo is immunologically immature. 
The capacity to produce antibodies states only with 
the development ami differentiation of Lviophoid 
organs. The age at which embryos, acquire 
immunological competence varies with different 
species. When the potential immunocompetent cell 
comes into contact with its specific antigen during 
embryonic life* the response is elimination of the 
cell or induction of tolerance, This is believed to 
be the basis lor the nonamigenicity of self antigens. 
During embryonic life, the developing lymphoid 
cells come into contact with all the tissue antigens 
of the body released by cellular breakdown, so that 
all the clones of cells that have specificity towards 
self antigens are eliminated. 

Immunocompetence is not complete at birth, 
but continues to develop as the infant grows. The 
in fanr has to depend on itself for antibody production 
from 3-6 months of age, by wlikh time the maternal 
antibodies disappear. However, full competence is 
acquired only by about 5™7 years for lgG and 10- 
15 years for IgA The ontogeny of antibody response 
also depends, on the antigens concerned, H cell 
responses to most proteins and other T cell 
dependent antigens develop early, while responses 
to polysaccharides and other T cell independent 
antigens develop only later, usually by two years. 
Most Igf j antibodies to polysaccharides arc of the 
lgG2 type, and lgG2 producing B cells are the last 
to mature during infancy. 

Nutritional status: Malnutrition affects the 
immune response adversely, though serum 
components necessary 7 for immunity arc conserved 
selectively till the nutritional deficiency becomes 
marked. Protein calorie malnutrition suppresses 
both humoral and cellular immune responses, the 
latter mote severely Defieicnees of ami noacids 
(tryptophan, phenyl alanine, methionine, glycine, 
isoleucinc) and vitamins {vitamin A, and li group 
factors riboflavine, pyridoxin e, pantothenic acid. 


folic acid) have been shown to cause a decrease in 
antibody synthesis. 

Route of administration: The humoral 
immune response is better following parenteral 
administration of antigen than through oral or nasal 
routes. Large particulate antigens, such as bacteria 
or erythrocytes, are more effective when injected 
into tissues. The route of administration may also 
influence the type of antibody produced- For 
production of IgA antibodies, the oral or nasal route 
is most suitable. Inhalation ot pollen antigens 
induces IgE synthesis, whereas rhe same antigens 
given parenterally lead to Igfi antibodies. With 
some antigens the route of administration 
determines wherher tolerance or antibody response 
results. Injection of protein antigens into the 
mesenteric vein or intrathytnkally usually induces 
tolerance. Sulzberger {1929) and Chase (1959) 
showed that guinea pigs can be rendered specifically 
tolerant if certain antigens are led before a parenteral 
challenge (Sulzberger-Chaw phenomenon)- 
Application of simple chemicals Co the skin usually 
leads to cellular immune response (delayed 
hypersensitivity) rather than antibody formation. 

With some antigens the site of injection seems 
relevant, Hepatitis B vaccine is less immunogenic 
following gluteal injection than following injection 
into the deltoid. This may be due to the paucity of 
antigen presenting cells in the gluteal fat, delaying 
presentation of antigen to and B cells. 

Size and number of doses: Antibody 
response is, to an extent, dose dependent- An antigen 
is effective only above a minimum critical dose, 
Further Increase in dose enhances the intensity of 
the antibody response. Tlut heyond a certain level, 
increase in the dose of antigen docs not improve 
the antibody response but may even inhibit it and 
induce tolerance. Mice injected with 0.5 pg of 
pneumococcal capsular polysaccharide produce 
specific antibodies but those injected with 50 jig of 
rbe antigen not only fail to form antibodies but tnay 
not respond even to subsequent doses of the same 
antigen. The massive antigenic stimulus appears to 
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swamp the antibody producing system and paralyse 
if. This phenomenon was deni gnated 'immunological 
paralysis' by Felton (1949), 

The increased antibody response ro a secondary 
antigenic stimulus has already been noticed. With 
repealed antigen imeetmns, the antibody response 
increases progressively but after a certain stage, no 
further increase occurs. 

The term anamnestic reaction was originally 
applied to the production, in response to an 
antigenic stimulus, of a heterologous bur related 
antibody that the host had earlier produced. For 
instance, a person who had been immunised earlier 
againHt typhoid bacilli may sometimes produce 
antityphoid antibodies in response to infection with 
some other bacterium. This may cause confusion 
in the serological diagnosis of typhoid fever hut 
anamnestic reaction can he differentiated from a 
true secondary response as it is transient. The term 
'anamnestic reaction’ has been employed by some 
to refer to the secondary response as well, so there 
is some confusion in the use of this term. 
Multiple antigens: When two or more antigens 
are administered simultaneously, the effects may 
vary. Antibodies may he produced against the 
different antigens just as though they had been given 
separately, or antibody response Id one or the Other 
of the antigens may be enhanced, or the response 
to one or more of rhem may be diminished 
(antigenic competition). When two bacterial 
vaccines (for example, typhoid and cholera vaccines) 
are given in a mixed form, the antibody response to 
each is not influenced by the other. When toxoids 
are given along with bacterial vaccines (for example, 
triple vaccine containing diphtheria and tetanus 
toxoids along with Bord pertussin vaccine) the 
response to the toxoid is potentiated. When 
diphtheria and tetanus toxoids are given together, 
with one in excess, the response to the other is 
inhibited. When triple antigen is given to a person 
who had earlier received a primary dose of 
diphtheria toxoid, the response to the tetanus and 
pertussis antigens win be diminished. Such antigenic 


competition is important, from a practical point of 
view, In immunisation with polyvalent antigens. For 
optimal effect, the nature and relative proportions 
of the different antigens in a mixture should be 
carefully adjusted. 

Adjuvants: The term adjuvant refers ro any 
suhstance that enhances the immunogenicity of an 
antigen. Adjuvants may confer i mmunogenieity cm 
nonantigenic substances, increase the concentration 
and persistence of the circulating antibody, induce 
or enhance the degree of cellular immunity and 
lead tin the production of‘adjuvant diseases^ such as 
allergic disseminated encephalomyelitis. A variety 
of substances exhibit adjuvant activity. 

Repository adjuvants such as aluminium 
hydroxide or phosphate and incorporation of 
protein antigens in the water phase of a wafer-in- 
oil emulsion (Freund's incomplete adjuvant), delay 
the release of antigen from the site of injection and 
prolong the antigenic stimulus. Olliers such as silica 
particles, beryllium sulphate and endotoxins activate 
macrophages. The most potent adjuvant is Freund s 
complete adjuvant, which is the incomplete adjuvant 
along with a suspension of killed tubercle bacilli. 
Besides increasing the humoral immune response, 
it induces a high degree of cellular immunity 
(delayed hypersensitivity) as well. As it produces a 
local granuloma, it is unsuitable for human use. 
The adjuvant effect of tubercle bacilli is due to a water 
soluble peptide MDP (muramyl dipeptide) which 
induces good antibody response without causing 
granuloma. Given in mineni] oil or as liposomes, it 
also stimulates cell mediated immunity. Derivatives 
of MDP arc being developed fbr human use. Gram 
negative bacilli show an adjuvant effect due to their 
lipopnlysaccharide fraction. BcndeteUa pertussis, which 
has, in addition, a h^Tnphncytosis-promoting factor 
acting on hofh T and B cells, acts as a good adjuvant 
for diphtheria and tetanus toxoids in triple vaccine. 
Other adjuvants omtimonly used with human vaccines 
are aluminium hydroxide or phosphate. 
Immunosuppressive agents: These inhibit 
the immune response. They are useful in certain 
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situations like transplantation, when it becomes 
necessity to prevent graft rejection. I 1 'samples of 
immunosuppressive agents are X-irriidiatiortj 
radiomimetic drugs, corticosteroids, antimctahnlites 
and other cytotoxic ehcmieals n and antilymphocytic 
scrum. 

Sublethal whole body irradiation suppresses 
antibody response- When antigenic stimulus follows 
24 hours alter irradiation, antibody production does 
not occur, whereas if the antigen is administered 
2-3 days before irradiation, the antibody response 
is actually enhanced. The primary response is more 
radiosensitive than the secondary response, 

Radiomimetic drugs are agents with an action 
resembling that of X-rays. They belong in general 
to the class of alkylating agents (for example, 
cyclophosphamide, nitrogen mustard). In human 
beings, cyclophosphamide given for three days after 
the antigen, completely Suppresses the antibody 
response. It is much less effective when given before 
the antigen. 

Corticosteroids cause depletion of lymphocytes 
from the blood and lymphoid organs. They also 
stabilise the membranes of eells and lysosomes, 
inhibiting histamine release and the inflammatory 
response, They suppress antibody formation in the 
rat, mouse and rabbit but are much less effective in 
guinea pigs, monkeys and human be mgs, 
Therapeutic doses have little effect on the antibody 
formation in human beings. They inhibit the 
induction and manifestations of delayed 
hypersensitivity in human beings, 

Antimcrabolitcs arc substances that interfere with 
the synthesis nFDNA, RNA or both and thus inhibit 
cell division and differentiation necessary for humoral 
and cellular immune responses. They include folic 
acid antagonists (methotrexate), alkylating agents 
(cyclophosphamide) and analogues of purine (6- 
mercaptopurine, azathioprine}, cytosine (cytosine 
arabinoside) and uracil (5-fluorouracil), Many 
antimenbolires find clinical application in the 
prevention of graft rejection. 

The drug most widely used now for 


immuAu suppression is cyclosporine, a cyclic 
polypeptide derived from the soil fungus Tolypo- 
eLdjiurri i ftffrt itsn It is not cytotoxic fur lymphocytes 
and has no antimitotic activity'. It selectively inhibits 
helper T cell activity, A related drug is rapamyci n. 
Antilymphocyte scrum (ALS) is a heterologous 
antiserum raised against lymphocytes. Antibody 
prepared against thymus cells is called 
antithymocyte serum (ATS). The corresponding 
globulin preparations are called A LG a nd ATG. 
They were used to prevent graft rejection. While 
all other immunosuppressive agents have 
undesirable side effects, ALS is devoid of any action 
other than that on lymphocytes, ALS acts primarily 
against T lymphocytes and therefore specifically 
on cell mediated immunity. Humoral antibody 
response to thymus independent antigens is 
unaffected and may even be enhanced. ALS acre 
only against lymphocytes in circulation and not cells 
in lymphoid organs. As ALS is a foreign protein, 
its effect is decreased on repeated administration, 
which may also lead to serum sickness and other 
hypersensitivity reactions. Monoclonal antibodies 
against specific lymphocyte membrane antigens 
have been prepared. 

Effect of antibody: The humoral immune 
response to an antigen can be suppressed specifically 
by passive administration of the homologous 
antibody. The action appears to be by a feedback 
mechanism. The primary response is more 
susceptible to inhibition than the secondary 
response. The antibody may also combine with the 
antigen and prevent its availability for the 
immunocompetent cells, llic inhibitory effect of a 
passively administered antibody on the humoral 
immune response has been applied in the prevention 
of Rh sensitisation in Rh negative women canning 
Rh positive fetuses. This is achieved by the 
administration of anti-Rh globulin immediately 
following delivery' (within 72 hours). 

This effect is also relevant in the practice of 
combined immunisation as in diphtheria and 
tetanus. In such cases, the toxoid and antitoxin 
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should be given at separate dies. Adsorbed toxoid 
should be used as the inhibitory effect is much less 
than with fluid towud. 

Intravenous administratum uf immune gtufaulin has 
been shown, to haw imtTnmomop(blatn*> r effects. It has 
been, used in the treatment of many diseases of presumed 
lrniriurHjiptid lologic etkT^y, such as thiomlw^ropentas 
and autoimmune honulytic anemias. 

Sl 'IMlIt A M llifiNS 

Supcrantigcns are certain protein molecules* such 
as staphylococcal enterotoxioa that activate very 
large numbers of T cells irrespective of their 
antigenic specificities. While conventional antigen 
fragments bind to the afS hetemdimer groove of 
the MI 1C molecules through the V regions of 
TCR a and p chains, super antigens bind directly 
to the lateral aspect of thcTCR P chain. Upto 30 
per cent of the Circulating T cells may be so 
activated, compared t« conventional antigenic 
stimuli which involve only about 0-001 per cent of 
them. This exaggerated T cell activation leads to 
massive outpouring of T cell cytokines* causing 
multisystem dysfunctions, such as seen in 
staphylococcal toxic shock syndrome. 

MmsciKNs 

Mitogens are certain substances, chat induce division 
of lymphocytes and other cells. Some of these,, like 
the lectin glycoproteins bind to sugars on the surface 
of responsive cells and activate them, causing a 
polyclonal traction. At low concentrations, thev 
stimulate B cells without polyclonal activation. 
Lipopolysaccharide is such a B cell mitogen. 

Some large molecules with repeating epitopes, 
such as pneumococcal polysaccharide directly Interact 
with B cell surface inunjunogjobulins, hading to an 
IgM immune response. 5uchT-independent immune 
response with IgM annbodv, is oof associated either 

with Ig class switching or memory. 

CELLULAR IMMUNE RESPONSE 

The term 'cell mediated immunity 1 (CM1) refers 
to the specific Immune responses rhat do not 


involve antibodies. For long the only demonstrable 
facet of CM I wav the phenomenon of delayed 
hypersensitivity (DH) which resulted in injury 
rather than protection. The first description of a 
CMI response was the observation by Jcttner 
(179$) that inoculation of vaccinia virus in an 
immune individual led to a local erythematous 

papule in 24-72 hours. I le called this the "reaction 
of immunity 1 . Koch US90) described the 
exaggerated cutaneous reaction of tuberculous 
guinea pig? to the intradcrmal injection of tubercle 
bacillus or a protein extract of the bacillus 
(tuberculin}. Thereafter, the tuberculin teat became 
the paradigm for pH. The term "delayed 
hypersensitivity’ refer* to the appearance of a skin 
lesion 48-72 hours after administration of the 
antigen. The lesion is an indurated nodule with 
infiltration by mononuclear cells. DH was found 
to be imtnunologacally specific but it did not have 
anv relation to antibodies and could not be 
transferred passively by serum. The cellular basis 
ofDH was shown by Landsteiner and Chase (1942) 
hv its passive transfer in guinea pigs through the 
injection of leucocytes from sensitised donors. With 
the recognition of the two component concept of 
immunity, DH artd other types of CMI were found 
to be mediated by T lymphocytes, A variety of 
techniques are now available for the detection of 
CMI, though they lack the sensitivity and. precision 
of antibody assays for Immoral ImnUunitY- 

St.:on-. of tlMl 

CMI participates in the following immunological 
functions: 

1. DeM hypersensitivity. 

2. Immunity in infectious diseases caused by 
obligate and facultative intracellular parasites. 
T hese include infection* with bacteria (for 
example, tuberculosis, leprosy, listeriosis, 
brucellosis), fungi (for example, histoplasmosis, 
coccidioidomycosis, blastomycosis) „ protozoa 
(for example, leishmaniasis, trypanosomiasis) 
and viruses {for example, measles, mumps). 
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3. Transplantation immunity and graft-versus-host 
reaction* 

4. Immunological surveillance and immunity 
against cancer. 

5. Pathogenesis el ccrtm n autoimmune diseases (ter 
example, thyroiditis, encephalomyelitis). 

Induction di CM.1 

The nature of the antigenic stimulus Is important 
In the induction of CML It is best developed 
following infections with intracellular parasites. 
Killed vaccines and other nonliving antigens do not 
induce CMI unless administered with the Freund 
type of adjuvants. Only T cell dependent antigens 
lead to CMI. The application of certain chemicals 
on the skin induces DH, 

Each T cell bears on its surface a specific 
receptor (TCR) (br one epitope and combines only 
with antigens •carrying that epitope. On contact 
with the appropriate antigen, T cells undergo blast 
transformation, clonal proliferation and 
differentiation Into memory cells and effector cells 
providing CMI. T cells recognise antigens only 
when presented with MHC molecules. Helper T 
cells react with antigens presented on the surface 
of macrophages or other cells, complexed with 
MHC class II molecules. They then release 
biological mediators (Lvttiphokines) which activate 
macrophages, enabling them to kill intracellular 
parasites. Cytotoxic T cells recognise antigen on 
the surface of cells (such as virus infected, tumour 
or allograft, cells), in association with MCI I class 
I molecules, secrete lymphokines and destroy the 
target cells. 

CVTOKlhitis 

Biologically active substances released by activated 
T lymphocytes were called lymphokines* Similar 
substances produced by monocytes or macrophages 
were called monokines. Initially they were given 
names based on their demonstrated biological effects 
(Table 16,1). As most lymphoid ncsexhibit multiple 
biological effects and the same effect may be caused 


Table i6-i Examples of lymphofcines 

I. Affecting macmphigcs. 

a. Migration inhibiting factor (MIF) 

b. Macrophage activation/aggregation, funr 
(MAF) 

c Macrophage chemotacric factor (MCF] 

IL Affecting lymphocytes 

a. Blasiogenic/niitugenic factor (fJt’/MF) 

b. T celt growth factor (TGF) 

c B cell growth factor (BGF) 

III. Affecting granulocytes. 

a. Chemotactic factor (CF) 

b. Colony stimulating factor (CRF) 

IV. Affecting cultured cells 

a. Lymphotcxin {LT) 

b, Interferon (I FN) 

C Tumour necrosis factor (TNF’I 

V. Others 

a. Skin reactive factor (SET) 

b, Transfer factor (TF) 

by different lyrttphokineg, their names lack 
precision- The term interleukin was therefore 
introduced for those products of leucocytes which 
exert a regulatory influence on other cells* 
Interferons, growth factors and others were found 
to have similar effects, Therefore all of them have 
been grouped under the term cytokines. 

Cytokines are peptide mediators or ititercellukr 
messengers which regulate immunological, inflam¬ 
matory and reparative host responses. They are highly 
potent hnrmnnedike substances, active even at 
femtomolar eonoentratbrns. They difFer from 

endocrine hormones in being produced rot by 
specialised glands but by widely distributed cells (such 
as lymphocytes, msciophaytsi, platelets anti fibroblasts}, 
awl acting not systemically but locally near the producing 
cells (paracrine effect} or dneedy on the producing cells 
themselves (autocrine effect), They arc, in general, 
pleintrapic, having multiple effects cm the growth and 
differentiation of various cell types. There is 
considerable overlap in the effects produced by 
different cytokines, Cloning of cytokines and the 
availability of monoclonal antibodies againsr them 
have helped to characterise them better (Tabic 16 . 2 ). 
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Table 16.2: Cytokines 


Cytokine 

Mth i sources 

Mtjor function* 

A. INTERLEUKINS: 


1L-1 (a ami p) 

Macrophages and other cell types 

Proliferation and differentiation ■of f, B and other 
cells: pyrogenic: induce acute phase proteins: bone 
marrow cell pn^CentwiL 

IL-2 

T cells 

Promote growth and differentiation of T and B 
cells, cytotoxicity of 1’ and N K cells, secretion of 
other lymphokines. 

IL-3 

T cells 

Multi-CSF 

IL-4 

T h ««i 

Proliferation of B and cytotoxic 1" cells: increase 

IgGl and IgE production: enhance MUC class 11 
and IgE receptors, 

1L-5 

T h cell* 

Proliferation of eosinophils, stimulate IgA and IgM 

production. 

1L-6 

Tl l, macrophages, fibmblasrs 

Promote R evil diffmnitutMa; IgC production, 
acute phase proteins. 

1L-7 

Spleen, bone marrow stromal cells 

B andT cell growth facror. 

iL-e 

Macrophages, others 

Neutrophil chenioracric factor. 

1I.-9 

Todi 

T cell growth and proliferation 

1L-10 

T. IS cells, macrophages 

Iidiitrit IFN production and mauudat cdl functions. 

IL-11 

Bone marrow stromal cells 

Induce acute phase proteins. 

TL-12 

T cells 

Activate NK cells. 

IL-13 

T cells 

Inhibit mononuclear cell functions, 

B. COLONY-STIMULATING FACTORS: 


GM-C5F 

T cells, macrophages, fibroblasts 

T cell and macrophage growth Stimulation 

G-CSF 

Fibroblasts, endothelium 

Granulocyte growth stimulation. 

M-CSF 

Fibroblasts, endothelium 

Macrophage growth stimulation. 

C . TUMOUR NECROSIS FACTORS: 

TNF-a 

Micnphigcs, monocytes 

Tumour cytotoxicity, lipolysis, wasting, acute phase 
proteins, phagocytic cell activation, antiviral and 
antiparasitic effects, endotoxic shock. 

TNF-b 

T cells 

Induce other cytokines. 

D INTERFERONS: 

IFN a 

Leucocytes 


IFNb 

Fibroblasts 

Antiviral activity 

IFN g 

T cells 

Antiviral, macrophage activation: MHC Class I and 

11 expression on cells. 

E. OTHERS: 
TGFb 

T and R cells 

Inhibit T and B cdl proliferation and hematopoiesis; 
promote wound healing. 

LIF 

T cells 

Prol iteration of item cells: eosinophil chemotaxis. 


The features of some important cytokines are 

presented below: 

Interleukin- 1: Originally described as the 
leucocyte activating factor (LAP) in 1972 awl as 
the B cdl activating factor (EAF) in 1974, this 


cytokine was renamed interleukin-1 {ILl) in 1979. 
1L1 is a stable polypeptide retaining its activity up 
to 56 a C and between pH 3-11. ILl occurs in two 
molecular forms, II. L alpha, and h-cta, ILl is 
principally secreted by macrophages and monocytes 


Copyrighted material 






« Immune Response » 


145 


but cun be produced by most other nucleated tells 
also. Tfs production is Stimulated by antigens,, toxins, 
injury and inflammatory processes and inh'bited by 
cyclosporin A, cortiicosteroids and prostaglandins. 

The immunological effects of 1L1 include 
stimulation of T cells for the production of I LI 
and other lymphokines, B ceil proliferation! and 
antibody synthesis, neutrophil chemotaxis and 
phagocytosis, if mediates a wide range of metabolic, 
physiological, inflammatory and hematological 
effects by acting on bone marrow, epithelial and 
synovial cells, fihruhlasrs, osteoclasts, hcpatocytcs, 
vascular endothelium and other targets. ILl is an 
important endogenous pyrogen. Together with the 
tumnir necrosis factor (TKF), it is responsible for 
many of the hematological changes in septic shock 
and also enhances the initial meningeal 
inflammation in bacterial meningitis. Cytokine 
inhibitors such as desamerbasone have been found 
to protect against the sequelae of such excessive 
meningeal inflammation. On the other hand, ILl 
has a beneficial effect in severe infections in 
immunocompromised hosts. 

Interleukin-2: The discovery in 197b of a T 
cell growth factor (TCGF) produced by activated 
T cells, which induced T cell proliferation and 
enabled their maintenance in continuous culm re, 
contributed greatly to the understanding of T cell 
functions,This cytokine,renamed 1L2, is a jjowerfiil 
modulator of the immune response. It is the major 
activator of T and 11 cells and stimulates cytotoxic 
T cells, and NR cells, It converts some null cells 
(LGL) into lymphtikine activated killer (LAK) cells 
which can destroy NK resistant rumour cells. This 
property has been used in the treatment of certain 
types of cancer 

Interleukin-3: 1L3 is a growth factor for bone 
marrow stein Cells. It stimulates multilin-eage 
hematopoiesis and is therefore known also as the 
multicolony stimulating factor (iniultl-CSF). 
Interleukin-4: Formerly known as the B cell 
growth factor-1 (BCCF-1), IL4 activates resting 
B cells and acts as a R cell differentiating factor. It 


also acts as a growth factor for T cells and mast 
cells. It enhances the action of cytotoxic T cells, It 
may have a role in atopic hypersensitivity as it 
augments IgE synthesis. 

Interleukin-5: Formerly known as the B cell 
growth factor-II, IL5 causes proliferation of 
activated B cells. It also induces maturation of 
eosinophils. 

Inlerleukin-6; LL6 is produced by stimulated 
T and H cells, macrophages and fibroblasts. It 
induces immunoglobulin synthesis by activated B 
cells and formation of 1L2 receptors on T cells. It 
has a Stimulatory effect on hepatocytes, nerve cells 
and hematopoietic cells. It acts as an inflammatory 
response mediator i n bott defim ce again Ht infections. 
Colony stimulating factors (CSF); These 
cytoldnes stimulate the growth and differentiation 
□f pluripotent stem cells in the bone marrow. They 
have been named after the types of cell colonies 
they Induce in. soft agar culture—for example, 
granulocyte (G), or mononuclear (M) CSF, 1L3 
which iilduces growth of :lI1 types of hematopoietic 
cells is known as multi -CSF. In the body theycause 
other effects dsn, presumably by inducing cascades 
ofother cytokines. They arc responsible for adjusting 
the rate of production of blood cells according to 
requirements, for example, the massive granulocyte 
response seen in pyogenic infections. Colony 
stimulating factors have clinical applications for 
treating hematopoietic dysfunctions in infections 
and malignancies. 

Turtitmr necrosis factors (TNF): The 
tumour necrosis factor occurs as two types, alpha and 
beta. A serum factor found to induce hemorrhagic 
necrosis in certain rumours was named the tumour 
necrosis factor. The same substance was independently 
described as Cacbectin, a serum factor causing the 
wasting syndrome (cachexia) during chronic 
Lnleetions^This has. been renamedTNFcL It is formed 
principally hy activated macrophages and 
monocytes. It resembles ILl in possessing a very 
wide spectrum of biological activities such as 
participation in the manifestations of endotoxic 
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other cytokines, TNFp, lormerly known a* 
lyrnp ho toxin, ]v produced principally by T helper 
cells. Its effects are similar to those of TNFa. 
Interferons ■ 11 X OriginnUy identified as 
antiviral agents (see chapter 49), interferons Ut now 
classified as cytokines, There are three classes of 
IFNs, alpha produced by leucocytes, beta produced 
by fibroblasts and gamma by T cells activated by 
antigens, m i tokens or exposure toIL2. IFNy causes, 
mans' immunological effects, such as microphage 
activation, augmentation of neutrophil and 
monocyte functions, and antitumour activity. 
Other cyiokinttfo The transforming growth 
factor beta (TtjF[J) was so named because of its 
ability to transform fibroblasts. Besides acting as n 
growth factor for fibroblasts and promoting wound 
healing, it also acts as a down regulator of some 
immunological and hematological processes. 

'Hie leukemia inhibitory factor (L1F), produced 
by T cells., helps stem cell proliferation and 
eosinophil chemotaxis- 

Cytokine production is regulated by exogenous 
stimuli such as antigens and mitogens, as well as 
by endogenous factors such as neuroendocrine 
hormonal peptides (corticosteroids, endorphins} 
and products of lipoxygenase and cyclooxygenase 
pathways. They also regulate each other by positive 



and negative feedbacks. A number of cytokines (for 
example, ILl, 2, 3, colony stimulating factors , 
interferons) have already found therapeutic 
application. With better understanding of their 
properties, it is possible that many <ytokines, their 
agonists and antagonists could eventually be used 
in the management of inflammatory, Infectious, 
autoimmune and neoplastic conditions. 

Detection of CM I 

The original method for detecting CM1 was the 
skin test for delayed hypersensitivity (for example, 
the tuberculin rest). A number of in vitro correlates 
of CM I have now'become available, These include 
the lymphocyte transformation test (transformation 
of cultured sensitised T lymphocytes on contact 
with the antigen), target cell destruction (killing 
□i cultured cells hyT lymphocytes sensitised against 
them), and the migration inhibiting factor test 
which is commonly employed. As originally 
described, this . in. i-rcu of incubating in ,i culture 
chamber, packed peritoneal macrophages in a 
capillars tube, Fhc macrophages migrate to torm a 
bey, fan-like pattern. If the macrophages am from 
a .guinea pig sensitised rotubereul protein, addition 
ol tuberculin in the culture chamber will Inhibit 
the migration ■ h_ 10,5). This h.i-, been idaprcd 
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Fig, 16.5 Inhibition of migration of macrophage coll*, taft Exposure to antigen of cells Irom sensitised guinea 
pigs. Migration inhibited, flight Control. Exposure tc antigen of cells from normal guinea pigs. Shows 

foam—lilte migration of macrophages. 
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I of clinical us« by incubating hum a!) peripheral 
Icurncryties in capillary tubes in culture chambers. 
When an antigen to which the individual has CM! 
is introduced into the culture medium, the leucocytes 
sue prevented from migrating, By comparison with 
the control, it is possible to mike a semiipianritatire 
assnsiment of the migration inhibition. 

Transfer Factor 

Passive transfer of CMI was first achieved by the 
injection of viable leucocytes from sensitised demons. 
LaiTOficc {1 954) reported transfer of CMI in human 
beings hy the injection nf extracts from leucocytes. 
This extract is known as the “transfer factor' (TF). 
The transferred immunity is specific in that CM! 
can be transferred only to those antigens to which 
the donor is sensitive. 

TF is a dialysable, low molecular weight 
substance (MW 2000 to 4000), resistant to trypsin, 
DNAase, RNAase and freeze thawing. Tt is stable 
for several years it —20 C and in the lyophilised 
form at 4 S "C. It is inactivated at 56 ,f C in 30 minutes. 
It is not antigenic- Chemically, it appears to be a 
polypepTide^wlynucleotide. 

TF is highly' potent, an extract from 0.1 ml of 
packed leucocytes being sufficient for transfer. The 
transferred CMI is systemic and not local at the 
injected site alone. Following fl injection, 1 >f I and 
various in vitro correlates of CMI can be 
demonstrated in the recipient. Humoral immunity 
is not transmitted by rF;TF transfers CMI to all 
the antigens to which the donor is sensitive, en 
bloc. It is possible to transfer CMJ from the 
recipient to another in a serial fashion. 

The mechanism of action of the TF is not known. 
TF could be an informational molecule or a specific 
gene dercpressM capable of inducing antigenieally 
uncommitted lymphocytes to produce antigen- 
specific receptor*, TF activity was till recently 
demonstrable only in human beings but it has now 
besti reported in monkeys, guinea pigs and mice. 

TF has several applications. It has been used to 
restore immune capacity in patients with f cell 


deficiency' (Wiskott-Aldrich syndrome). It hits also 
been used in the treatment of disseminated infections 
associated with deficient CMI (lepromatous leprosy, 
tuberculosis, mucocutaneous candidiasis). It has been 
employed in the treatment of malignant melanoma 
and may be beneficial in other types of cancer an well. 
Its use has been suggested in some autoimmune 
diseases (systemic lupus erythematosus, rheumatoid 
arthritis) and diseases of unknown etiology (sarcoidosis, 
multiple sclerosis). 

IMMUNOLOGICAL TOLERANCE 

Immunological tolerance or im mu no logical 
unresponsivertess is the condition in which contact 
with an antigen specifically abolishes the capacity to 
mount an immune response against that particular 
antigen when it is administered subsequently.. Tins 
nonreactiVLly is specific to the particular antigen, 
immune reactivity to other antigens being unaffected. 

The first example of immunological tolerance 
was the observation hy Owen (1945) of erythrocyte 
chimcrism in dizygotic catde twins, each of the 
twins having erythrocytes of its own and the others 
blood groups. As dizygotic twins are genetically 
dissimilar, they do not ordinarily accept transplants 
from each •other but such transplants survive in 
cattle twins. The reason fbr this tolerance was shown 
to be the sharing of the same placental blood supply 
by the twins during intrauterine life. Based on this 
observation, Burnet and Tenner (1949) suggested 
that the unresponsivenesE of individuals to sell 
antigens was due to the contact of the immature 
Immunological system with self antigens during 
embryonic life. Any antigen that comes biro contact 
with the immunological system during embryonic 
life would be recognised as a self antigen and would 
not induce any immune response. They postulated 

that tolerance could be induced against foreign 
antigens if they were administered during cmhtyonic 
life, This was proved experimentally by Medawar 
and his colleagues (195.3) using rwts strains of 
syngeneic mice. When, a skin graft from one inbred 
strain of mice (CBA) is applied on a mouse of 
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another strain (A), it is rejected. If CBA cells arc- 
injected into fetal or newborn strain A mice* 
however, the latter when they grow up will freely 
accept skin grafts from CBA mice. The content of 
the self antigen appears to have been enlarged hy 
contact with a foreign antigen during embryonic 
life. This phenomenon is called ‘specific 
immunological tolerance 

Development of tolerance is not confined to the 
embiyo or newborn hi.it can occur in adults also, 
Tolerance may he total or partial, short-lived or 
long-lasting, The induction, degree and duration 
of tolerance depend on the species and 
immunncnmpctcn.ee of the host, nature and done 
of the antigen and the route of administration. 
Rabbits and mice can be rendered tolerant more 
rapidly than guinea pigs and chickens. Strain 
differences in tolerance induction arc seen within 
species- The higher the degree of immuno- 
coenpctcnrc of the host, the more difficult it is to 
induce tolerance. It is for this reason that embiyo# 
and newborns are particularly susceptible to 
induction of tolerance. Tolerance can be induced 
in adults in whom irtiTtiUnocompttcrtte is 
temporarily interrupted by immunosuppressive 
agents. Induction of tolerance is very difficult in 
adults already immunised against the antigen. 

The physical state of the antigen is important. 
Soluble antigens and haptens ate more tolerogenic 
than particulate antigens. The tolerogenicity of an 
anrigen can be modified by certain procedures. 
When human gammaglobulin is heat aggregated, 
it is highly immunogenic in mice hut is tolerogenic 
when deaggregated. Solutions of scrum proteins 
centrifuged at high speed separate into tolerogenic 
supetnatant and immunogenic sediment fraction5-. 
The induction of tolerance is dose dependent. There 
is a threshold dose, below which tolerance is not 
induced. Further increase in dose increases the 
duration of tolerance. With certain antigens, 
tolerance can he induced by two types of doses, one 
high and the other low, with intermediate doses 
producing immunity instead of tolerance. These are 


known as 'high ?.onc’ and low zone’ tolerance 
respectively. A special [ype of high lone tolerance 
is Felton^ immunological paralysis. The duration 
of tolerance is variable. Tolerance car be prolonged 
hy repeated tolerogenic stimuli. The route of 
administration that best induces tolerance is that 
whereby the antigen equilibrates throughout the 
extra- and intravascular compartments. With 
antigens that do not equilibrate readily orate rapidly 
eliminated, the route of choice is intravenous. 
Certain haptens that are immunogenic in guinea 
pigs by the intradermal mute are tolerogenic orally 
or intravenously. 

Tolerance can he overcome spontaneously nr by 
an injection of cross-reacting immunogens. For 
example, tolerance to bovine serum albumin in 
rabbits can be abolished by immunisation with 
cross reacting human scrum albumin. In general, 
tolerance to living agents is more lasting than that 
to nonliving substances. Naturally occurring 
tolerance is found in certain viral infections such 
as congenital rubella and cytomegalovirus infections 
in which there ls persistent viremia with a decreased 
ability for the production of neutralising antibodies 
(persistent tolerant infection). In lymphocytic 
choriomeningiris infection in carrier mice, the virus 
may persist in virtually all the cells and tissues and 
be transmitted vertically to the offspring without 
any demonstrable immune response or pathogenic 
effect. When the tolerance is interrupted by an 
induction of antibody or an injection of sensitised 
lymphocytes, disease results.. The mechanism of 
tolerance is not dear In specific immunological 
tolerance in embryonic life, the clones of cells 
responding to tile particular antigen were believed 
to be annihilated hy contact with the antigen. This 
may not be entirely tme, as self-reactive B cells can 
be found in adults,The more likely mechanism may 
he elimination of TH cells, effectively preventing 
B cell activation. This is the 'central mechanism’ of 
tolerance induction. In other instances, the 
mechanism may be an 'afferent block' in which 
access of the antigen to immunocompetent cells is 
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interfered with, or an ‘efferent block' in which the 
antibody svnthesised is neutralised or destroyed. T 
and R lymphocytes appear to possess differing 
sensitivity to tolerance induction, the former being 
more susceptible. In general, high doses of antigen 
induce B cell tolerance and repeated minute doses 
of antigen induce T cell tolerance, 

Tolerance to humoral and cellular types of 
immunity is usually induced simultaneously. ‘Split 
tolerance’ can. also occur where unresponsiveness 
is established for one parameter of the immune 
response and not to the other. In guinea pigs, illl 
to tuberculin can be inhibited, without atVecting 
the production of a circulating antibody, by the 
injection of tubcrculoprotcin prior to immunisation 
with BCG, 

THEORIES OF IMMUNE RESPONSE 

A succession of theories have been put forward 
from time to time in order to explain the versatility, 
specificity, memory and other features of the 
immune response. Theories of immunity fall into 
two categories^ instructive and selective. The 
instructive theories postulate char an 
immunocompetent cell is capable of synthesising 
antibodies of any specificity. The antigen encounters 
an immunocompetent cell and instructs it to produce 
the complementary antibody. Instructive theories 
were proposed by chemists who were more 
concerned with explaining the physicochemical 
aspects of specificity than with the biological 
principles of immune processes. Selective theories, 
on the contrary, shift the emphasis from the antigen 
to the immune competent cell They postulate that 
immunocompetent cells have only a restricted 
immunological range, The antigen exerts only a 
selective influence by stimulating the appropriate 
immune-competent cell to synthesise an antibody. 
Side chain theory: The first plausihEc theory 
of immune response was the 'side chain 1 theory 
proposed by Ehrlich (1900), Cells were considered 
to have surface 'receptors' capable of reacting with 
substances having complementary'side chains'. The 


physiological significance of such receptors was in 
anchoring nutrients to cells before assimilation. 
When foreign antigens arc introduced into the body, 
they combine with those cell receptors which have 
a complementary fit. This inactivates the receptors 
and interferes with the absorption of nutrients. As 
a compensatory mechanism, there is an 
overproduction of the same type of receptors, which 
spill over into the blood and circulate as antibodies. 
This was the first of the selection theories. It 
explained elegantly the specificity of the antibody 
response. However, when I ,and.sfcLncr demonstrated 
that antibodies could be formed not only against 
natural antigens but also against various synthetic 
chemicals, this theory was abandoned. It was 
believed that an impossibly large number of 
receptors would be needed to account for the 
seemingly endless scope of antibody specificity, It 
is, however, remarkable how closely Ehrlich 
anticipated modern views on the immune response. 
Diced template theories: Instructive 
theories were proposed by BreinI and Haurowitz 
(1930), Alexander (1931) and Mudd (1932). 

According Id these, the antigen (or the antigenic 
determinant) enters antibody forming cells and 
serves as a 'template' against which antibody 
molecules arc synthesised so that they have 
combining sites complementary to the antigenic 
determinant. These are therefore known as 'direct 
template 1 theories. Pauling (1940) presented a more 
detailed model suggesting that specificity was 
determined by the Folding of the antibody 
polypeptide chains to form a tertiary structure fitting 
the antigenic determinant. 

Indirect template theory: Burnet and! 
IPenner (1949) proposed this instructive theory'to 
explain the synthesis of antibody as an adaptive 
protein, They postulated that the entry of the 
antigenic determinant into the antibody producing 
cell induced in it a heritable change, A 'genocopy' 
of the antigenic determinant was thus incorporated 
in its genome and transmitted to the progeny cells 
(Indirect template).This theory explained specificity 
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and the secondary response bur became untenable 
with advances in the molecular biology oi protein 
synthesis. Burnet and Fenner were the first o> explain 
the nor antigenicity fit self antigens by pustulating the 
embryonic recognition of 'self markers', 

Natural selection theory: Jerne {1955) 
reintrentuced the concept of the selective function 
of antigens in his natural selection theory. This 
postulated that about a million globulin (antibodyI 
molecules were formed in embryonic life, which 
covered the full range of antigenic specificities. 
These globulins were the 'natural antibodies’. When, 
an antigen was introduced, it combined selectively 
with the globulin that had the nearest 

complementary ‘fit’. The globulin, with the 
combined antigen, homed in on the antibody 
forming cells and stimulated them to synthesise the 
same kind of antibody. Here, selection was 
postulated at the level of the antibody molecule. It 
did not explain the lad that immunological memory 
resides m the cells, and not in serum. 


( ill in a I hu l out ion Burnet (1957) 

proposed this theory which bihuil immunological 
specificity to the cellular level. 

According Eo the clonal li ii hypothesis, 
during immunological ■■ tclopn vir cells capable 
of reacting with different u • v- were funned by 
a process of somatic mutation, l.'lm of cells that 
had immunological reactivity ■. 1 1 self antigens 
were eliminated during : : m- ' Such dimes 

are called forbidden clones. persistence or 
development in later ife by sonvith mutation could 
lead tu autoimmune prucesses Each 
imrnunocompetentceil wa ip: hie 11 ' feat ting with 
one antigen (c?ra small number antigens) which 
could recognise and with antigens 

introduced into the body. The result of the contact 
with the specific antigen was ■. ellu ir j rolifer.ufon 
to form clones synthesising the i n ribody 

The clonal selection In is more widely 
accepted than the other theories, rl ough n unable 
to account for all the features of the imn iuj it response. 
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A vari,-cty of mwTificatfons andalternative theories have 
been proposed in recent rimes hut none has succeeded 
in explaining all that is known of immunity. 

As an explanation fbtf the mechanism of 
regulation of antibody response, Jeme has postulated 
the network hypothesis. The variable region of an 
immunoglobulin molecule carrying the antigen- 
combining site is different in different .inti bodies. 
The distinct ami noacid sequences at the antigen- 
combining site and the adjacent parts of the variable 
region are termed idiotypes. The idiotype can, in 
turn, act as an antigenic 'determinant and induce 
antiidiotypic antibodies. These in turn can i nduce 
antibodies to them and so on, forming an idiotype 
network which is postulated to regulate the amount 
of antilMxkes produced and the number of antibtxly- 
forming edli in action. For his theoretical 
contribution to antibody formation and regulation 
of the immune system, Niels 1C. Jeme was awarded 
the Nobel Prize for Medicine in I9t!4. 

Ttie generic basis of antibody diversity has been 
clarified recently. An individual has the capacity to 
produce an estimated 10* different antibody 
molecules, lb have each such antibody molecule 
coded for by a separate gene would require millions 
of genes to be set apart for antibody production 
alone. This would obviously be impossible. The 
phenomenon of split genes explains this. The 
genetic information for the synthesis uf an 
immunoglobulin molecule is not present in a, 
continuous array of codons. Instead, this information 
occurs in several discontinuous stretches of DNA 
(’gene segments'), each coding for separate regions 
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of the antibody molecule. As the constant regi ons 
are identical for immunoglobulins c*t any one type, 
there need be only one gene or a few genes for 
each constant region, as against a very large number 
of genes for the variable regions. For example,, the 
kappa JL chain genes are composed of three separate 
segments V, j and C. There are about a hundred 
different types of V ( variable) domain sequences 

and only one C (constant) segment, with some five 
J (joining) segments in-between, By combining 
different V and J sequences with the C domain, it 
is possible to provide for antibodies with at least 
500 different specificities. By palindromic 
arrangement (sequences that can be attached by 
either end), it is possible to generate many times 
more different specificities. The lambda chain has 
additional C sequences. The H chain gens? has also 
a D (diversity) segment. By the shuffling of these 
different segments of the C and H chains, it is 
possible to have antibodies wi th far mure than 10* 
types of specificity, a total repertoire that can react 
with any conceivable antigen. The split gene 
shuffling tikes place during cell develop me nr and 
a mature B cell DNA will! have only one 
combination of the different segments of the 
hnmutioglobLilin gene and can therefore produce 
only one type of antibody (Fig. 16.6). 

The discovery of split genes for 
immunoglobulins demolished the long standing 
dogma of‘one gene-one protein and has important 
implications in biology, beyond immunology. For 

this discovery, Susumu Toncgawa was awarded the 
Nobel Priw for Medicine in 1987. 
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Immunodeficiency Diseases 




Immunodeficiency diseases arc conditions where 
the defence mechanisms, of the body arc impaired, 
leading to repeated microbial infections of varying 
severity and sometimes enhanced susceptibility t° 
malignancies. Deficiencies of defence mechanisms 
may involve specific immune functions - humoral 
immunity, cell mediated immunity or both - Or 
nonspecific mechanisms such as phagocytosis and 
complement, which augment and act in conjunction 
with specific immune processes. Jmmuno 
deficiencies may he classified as primary or 
secondary, ftiiwuymmuntdc^tieildetHtUllt from 
abnormalities in the development of the immune 
mechanisms. Secondary immuntiitcficiuncien are 
consequences of disease, drugs, nutritional 
inadequacies and other processes that interfere 
with the proper functioning of the mature Immune 
system. 

PRIMARY IMMUNODEFICIENCIES 

The established types of primary immunodeficiency 
syndromes are listed in Table 17.1. Though primary 
deficiencies of specific immunity can he 
conveniently classified as those affecting B cell 
responses, T cell responses, or both, it must be 
realised that there is considerable overlapping due 
ro the intimate interaction between the B cell and 
the T cell systems. For instance, T cell deficiencies 
involving helper or suppressor T cells will have a 
profound effect on antibody response. 

HtJMoAAJ. [MMIJNOUEFtt:lBNClRS 

Xdinked agammaglobulinemia: This 
syndrome described by Bruton (1952) is the first 


immunodeficiency disease to have been recognised. 
It in seen only in male infants. Manifestations arc 
not apparent till about six months of age due to the 
passive protection afforded by maternal antibodies, 
The disease presents as recurrent serious infections 
with pyogenic bacteria, particularly with 
pneumococci, streptococci, meningococci, 
Pseudomonas and H. uiduenae. Patients respond 
normally to viral infections such as measles and 
cbickcnpox, though there have been reports of 
paralytic poliomyelitis and progressive encephalitis 
following immunisation with live virus vaccines or 
exposure to wild virus. As a general rule, live 
microbial vaccines- should not lie given to children 
with any type of primary immunodeficiency. 

All classes of immunoglobulins art grossly 
depleted in the serum, the IgCi level being less than 
a tenth, and IgA and IgM less than a hundredth of 
the normal Icvel.Tonsils and adenoids arc atrophic. 
Lymph node biopsy reveals a depletion of cells of 
the bursa-dependent areas. Plasma cells and 
germinal centres are absent even after antigenic 
stimulation. There 1$ a marked decrease in the 
proportion of B cells in circulation. Antibody 
formation does not occur even after injections of 
antigens. 

Cell mediated immunity is not affected. Delayed 
hypersensitivity of tuberculin and contact dermatitis 
types can be demonstrated. Allograft rejection is 
normal. Arthritis, hemolytic anemia and atopic 
manifestations are frequently observed- However, 
the wheal-and-flare response of -atopic 
hypersensitivity cannot be demonstrated 

The incidence of this condition has been 
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'sibIt: 17+1 Classification at primary Immunodeficiency syndromes 


A. Disorders of specific immunity 

L Humoral immimodctirienries {B cedi defects) 

a. X-lioked agammaglobulinemia 

b, Transient hypogammaglobulinemia of infancy 

e. Common variable immunodeficiency Date onset hypogammaglobuilncmia) 

d. Selective immunoglobulin deftdende* (IgA, IgM or IgC subdasws) 
tr Immunodeficiencies with hyper-IgM 

£ Tran&cobalamin II deficiency 

U. Cellular immunodeficiencies. (T ceU defects) 

a. Thymic hypoplasia (Digeotge's syndrome) 

b. Chronic mucocutaneous candidiasis 

c. PUrtFK nucleoside phosphorjlas* (PNP) deficiency. 

III,Combined immuriodeficieories (B and T cell defect*) 

a. Cellular immunodeficiency with abnormal immunoglobulin -synthesis 

(Nezelof syndrome) 

b. Ataxia telangiectasia 

c. Wiskott-Aldrich syndrome 

d Immunodeficiency with thymoma 

e. Immunodeficiency with short-limbed dwarfism 
£ Episodic lymphopenia with lymphocytotonn - 
yr Severe combined immunodeficiencies 

1, 'Swiss type’ agammagLobutiiicnua 

2., Reucular dysgenesis of de Vaal 

3„ Adenosine deaminase (ADA! deficiency 

B_ Disorders of complement 

a. C ...i ill pie me nr component deficiencies 

b. Complement inhibitor defidenciea 

C. Disorders of phagocytosis 

a. Chronic granulomatous disease 
b Myeloperoxidase deficiency 

c. Chedi alt-H ijjashi syndmme 

d. Leucocyte C6PD deficiency 

if. Joh's sytuinjcit* 

£ Tuftsin deficiency 

g. Lazy Leucocyte syndrome 

h. Hypef-IgE syndrome 
U Aetin'-bindlng protein deficiency 
ji, S hwacbrnsan's disease 

reported as one in a hundred thousand population 
in the United Kingdom. Its management consists 
of the maintenance of an adequate level of 
immunoglobulins. This can be achieved with an 
initial administration of 300 mg of gammaglobulin 
per kg of body weight in three doses followed by 
monthly injections of MX) mg per kg. The slow 


fractional catabolic rate of IgG in this condition 
enables the maintenance of effective levels with this 
dosage. Commercial preparations of 
gammaglobulin contain only traces of IgA and IgM. 
To provide these, whole plasma infusions have been, 
employed, the donors being tested for hepatitis and 
other transmissible infections. 
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Transient Hyfocmmmaolobulinrmia 
of Infancy 

This is due to an abnormal delay in the initiation 
of IgG synthesis in some infants, Maternal IgG is 
slowly catabolised in the newborn and reaches a 
level of 200 mg per iOO ml by the second month. 
Ordinarily, the infant begins synthesisiiig its own 
IgG by this age. When there is a delay, 
immunodeficiency occurs, Recurrent otitis media 
and respiratory infections are the common diseases 
found in this condition. Spmtarveoiis recovery Occurs 
between 18 and JO months of age. It may be found 
in infants of both sexes. Treatment with 
gammaglobulin may be requited in some cases but 
it is not recommended ptophylacticallyv as it may 
contribute to prolongation o f l mil ]uiiodehc lC ncy by 
a negative feedback inhibition of IgG synthesis. 

Common Variabi.e 

[ >1 MUtNOUEFICIENCY 

This common form of immunodeficiency is also 
known as late onset hypogammaglobulinemia 
because it usually manifests only by 15-35 years of 
age. It is characterised by recurrent pyogenic 
infections and an increased incidence of 
autoimmune disease. Malabsorption and giardiasis 
arc common. The total immunoglobulin level is 
usually Less than 300 nig per 100 ml, with IgG less 
than 250 mg per 100 ml U cells may be present in 

circulation in normal numbers, but they appear 
defective in their inability to differentiate into plasma 
cells and secrete immunoglobulins. Increased 
suppressor T cell and diminished helper T cell activity 
have been proponed as a cause of this disorder. 
Treatment is by administration. of gammaglobulin 
preparations intramuscularly or intravenously. 

Selective I mmunoci-ohijlin 
Deficiencies 

In these conditions, there is selective deficiency of 
one or more immunoglobulin classes, while the 
others remain normal or elevated. These 


L dysgammag]obulinemias : ' are common and have 
been reported in about one per cent of all patients 
with recurrent infections. Isolated IgA deficiency 
is the most common condition in this group, with 
a reported incidence of about 0.2 percent in normal 
populations. These patients exhibit increased 
susceptibility to respiratory infection and 
steatorrhea- IgA deficiency is niter accompanied 
by atopic disorders. Anti-IgA antibodies arc present 
in many of these patients. 

Selective IgM deficiency has been found to be 
associated with septicemia. Deficiencies of IgG 
subclasses have been observed in relation with 
chronic progressive bronchiectasis. 
Immunodeficiencies w ith hyper-IgM: In 
this group of immunodeficiencies, some of which 
are X-linked and some inherited as autosomal 
recessive, tow IgA and IgG levels are seen with 
elevated IgM- Tire IgM molecules appear to have 
normal structure and possess antibody activity. 
Patients show enhanced susceptibility to infections 
and autoimmune processes such as 
thrombocytopenia, neutropenia, hemolytic anemia 
and renal lesions- Some patients develop malignant 
infiltration with IgM-producing cells. Elevated 
JgM level with immunodeficiency is sometimes seen 
in congenital rubella. 

Transcob a! am in LI deficiency: In this 
disorder, inherited as autosomal recessive, patients 
show metabolic effects of vitamin B12 deficiency 
including megaloblastic anemia and intestinal 
villous, atrophy. The associated Immunological 
defects arc depleted plasma cells, diminished 
immunoglobulin levels and impaired phagocytosis. 
Treatment with vitamin El2 baa been reported to 
restore hematopoietic, gastrointestinal and B cell 
functions but not phagocytic activity. 

Cellular Immunodeficiencies 

Thymic hypoplasia (Digeorge 
syndrome}. This is a developmental defect 
involving the endodermal derivatives bf the third 
and fourth pharyngeal pouches. It leads to aplasia 
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or hypoplasia of tin- thymus and parathyroid glands. 
It docs not appear to be hereditary and does not 
show a familial incidence. It in probably due to some 
intrauterine infection or other complications. It is 
usually associated with Fallot’s re no logy and other 
anomalies of the heart and the great vessels, and a 
characteristic facial appearance. Neonatal tetany is 
present. Patients who survive the neonatal period show 
enhanced susceptibility to viral, lungal and bacterial 
infections, which ultimately prove fatal. 

The immunodeficiency primarily involves cell 
mediated immunity, The thymus dependent areas 
of lymph nodes and spleen are depleted of 
lymphocytes. Circulating T cells are reduced in 
number. Delayed bypereensitivity and graft rejection 
are depressed. The humoral immune mechanism 
is largely unaffected. Antibody response ro primary 
antigenic stimuli is normal hut secondary response 
to many antigens is impaired. Transplantation of 
fetal thymus tissue has been reported to restore the 
immunological function. 

Chronic mucoOutnneous candidiasis: 
This constitutes an ahnormal Immunological 
response to Candida albicans. Patient* develop severe 
chronic candidiasis of the mucosa, skin and nails. 
'They do not show increased susceptibility to other 
infections but often have endoCrinupathies. Cell 
mediated immunity to Candida lh deficient. In some 
cases there is a total failure of T cell response to 
any test antigen. Delayed hypersensitivity to Candida 
antigens is absent but circulating antibodies TO them 
are found in high litres. Intracellular killing of 
Candida is defective. Transfer factor therapy, along 
with amphotericin B, has been reported effective. 
Purine nucleoside phusphorylasc 
(PINP l deficiency; The enzyme purine 
nucleoside phosphnrytase is involved in the 
sequential degradation of purines to hypmanthme 
and finally to uric acid. Patients who have PNP 
deficiency as an autosomal recessive inherited trait 
show decreased cell mediated immunity' and 
recurrent or chronic infections. They usually 
present with hypoplastic anemia and recurrent 


pneumonia, diarrhea and candidiasis. A low serum 
uric acid may point to the diagnosis. 

Combined Immunodeficiencies 

Cellular immunodeficiency with 
abnormal immunoglobulin synthesis 
(Nezelof syndrome): The term Nezelof 
syndrome has been rather loosely applied to a group 
of disorders, probably of varied etiology, where 
depressed cell mediated immunity is associated with 

selectively elevated, decreased or normal levels of 

¥ 

immunoglobulin. The consistent features are a 
marked deficiency of T cell immunity and varying 
degrees of deficiency' of B cell immunity. Patients 
arc susceptible to recurrent fengal, bacterial, viral 
and protozoal diseases. Abundant plasma cells are 
seen in the spleen, lymph nodes, intestines and 
elsewhere in the body. Thymic dysplasia occurs 
with lymphoid depletion. Autoimmune processes 
such as hemolytic anemia are common. In spite of 
normal levels of immunoglobulins, antigenic stimuli 
do nut induce antibody formation. 

Histocompatibie bone marrow transplantation, 
transfer factor and thymus transplantation have heen 
used for treatment, with success in some cases- 
Adequate antimicrobial therapy is essential. 
Ataxia telangiectasia: This is a hereditary 
condition transmitted in the autosomal recessive 
made, where combined immunodeficiency is 
associated with cerebellar ataxia, telangiectasia, 
ovarian dysgenesis and chromosomal abnormalities. 
The earliest signs are ataxia and chorioathctoid 
movements which are usually noticed in infancy. 
Telangiectasia involving the conjunctiva, face and 
other parts of the body usually appears at five or 
six years of age. Death occurs due to sinopulmonaiy 
infection early in life;, or malignancy in the second 
or third decade. The majority of patients lack serum 
and sc'cretoiy IgA and some possess antihody to 
IgA. IgB deficiency is also frequent. Cell mediated 
immunity is also defective, resulting in an 
impairment of delayed hypersensitivity and graft 
rejection. The disease is progressive, with both 
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neurological defects and immunodeficiency 
becoming more severe with time. Transfer factor 
therapy and fetal thymus transplants haw been tried 
with some benefit. 

Wiskott-Aldrich syndrome: This is an X- 
linked disease characterised by eczema, 
thrombocytopenic purpura and recurrent infections, 
Affected boys rarely survive the first decade of life, 
death being due to infection,, hemorrhage or 
lymp ho reticular malignancy. Cell mediated 
immunity undergoes progressive deterioration 
associated with cellular depletion of the thymus 
and the patacoifical areas of lymph nodes, Serum 
IgM level is low but IgG and IgA levels are normal 
or elevated, leuhernflggluti nitis are absent in the 
serum. The humoral defect appears to be a specific 
inability to respond to polysaccharide antigens, bone 
marrow transplantation and transfer factor therapy 
haw been found beneficial. 

Immunodeficiency with thymoma; Thin 
syndrome, occurring usually in adults, consists of a 
benign thymic tumour, impaired cell mediated 
immunity and agammaglobulinemia. It is frequently 
accompanied by aplastic anemia. Tills is of historical 
importance as one of the experiments of nature 
which Suggested the immunological function of the 
thymus. 

Immunodeficiency with short-limbed 
dwarfism: The features of this condition arc a 
distinctive form of short-1 imbed dwarfism, 
ectodermal dysplasia, thymic defects and enhanced 
susceptibility to infection. These defects arc 
apparently inherited as autosomal recessives. 
Episodic lymphopenia with lympho- 
cytotnxin: In this syndrome there occurs an 
episodic but profound depression of T cell (unction 
by the action of a dreukting complement dependent 
lymphocy tOToxin . The toxin appears to be an 
antilymphocytc antibody. The patients lack 
'immunological memory' so the secondary antibody 
response is abolished. The disease is familial. 
Severe Combined immunodeficiencies: 
These include many syndromes with severe 


deficiency of both humoral and cell mediated 
immure responses, They are inherited in the 
autosomal recessive mode and the primary defects 
are at the level of the early precursors of 
immunocompetent cells in the fetal liver and bone 
marrow. Many distinct patterns, of severe combined 
immunodeficiency have been described. 

In 1.9S8, Swiss workers reported 
agammaglobulinemia with, lymphocytopcnia and 
severe defect in cell mediated immunity; This has 
been referred to as -Swiss type again naa- 
gfobulinawM. The basic defect is presumed to be 
at the level of the lymphoid stem cell. 

1 he most serious form of combined 
immunodeficiency is the reticular dysgenesis of de 
Vital, Here the defect is at the level of the 
multipoint hemopoietic stem cell, as a result of 
which there is a total failure of myelopoicsis leading 
to lymphopenia, neutropenia, thrombocytopenia, 
anemia and bone marrow aplasia.Jlie condition is 
invariably latal in the first week of life. 

Adenosine deaminase (ADA) deficiency' is the 
first immunodeficiency disease associated with an 
enzyme deficiency. ADA catalyses the conversion 
of adenosine to marine, an important step in the 
purine metabolic pathway. How this deficiency 
causes immunological impairment is not clear. The 
range of immunodeficiency' varies from complete 
absence to mild abnormalities of B and T cell 
functions. The condition is associated with 
chondrocyte abnormalities which can be discerned 
radiologic ally. 

DISORDERS OF COMPLEMENT 

Complement component deficiencies: 
Genetic deficiencies have been detected for almost 
all the complement components in human beings. 
The defects are transmitted as autosomal recessive 
traits. Hemolytic and other functional activities are 
completely restored by supplying the deficient 
factor. Complement component deficiencies have 
been frequently associated with systemic lupus 
erythematosus. Recurrent pyogenic infections were 
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found associated with C3 deficiency and neisseria] 
infections with deficiency of Cb, C7 and CS r 
(Complement inhibitor deficiencies: 
Hereditary angioneurotic edema is due to a genetic 
deficiency of Cl inhibitor. This relatively common 
defect is transmitted as an autosomal dominant. 
Androgens* aminoeaproic acid ami its analogue 
tranexamic acid have been found useful in the 
management of this Condition. Plasma infusions, 
once recommended for treatment, have been given 
up as they were found to worsen the condition in 
some eases. 

The rare deficiency of G3b inactivator has been 
associated with chronic recurrent pyogenic lesions. 

DISORDERS OF PHAGOCYTOSIS 

Phagocytosis may he impaired by either intrinsic OF 
extrinsic defects. Intrinsic disorders may be due to 
defects within the phagocytic cell, such as enzyme 
deficiencies. Extrinsic disorders mjv he due to a 
deficiency' of opsonic antibody, complement or other 
factors promoting phagocytosis, or to the effects of 
drugs or antineutropbil autoantihodies. Phagocytic 
dysfunction leads to increased susceptibility to 
infection, ringing from mild recurrent skin infections 
to overwhelming systemic infection. 

Chronic granulomatous disease: This 
familial disease manifests itself as recurrent infection 
with low grade pathogens, starting early in life. The 
progress is chronic and the outcome fetal. Chronic 
suppurative granulomatous lesions develop tn die skin 
and lymph nodes, along with bepam^lennmcgaly, 
progressive infiltration of lungs and granulomatous 
septic osteomyelitis. Humoral and cellular immune 
responses are normal 

The bacteria involved in the recurrent infections 
arc catalase positive pyogenic pathogens such as 
staphylococci and coliforms. Catalase negative 
pathogens such as streptococci and pneumococci 
are handled normally. Leucocytes from the patients 
are unable to kill catalase positive bacteria following 
phagocytosis. The bacteria multiply in the cells and, 
being protected from antibodies and antibiotics by 


their intracellular position, set up chronic 
suppurative infection. The diminished bactericidal 
capacity' of the phagocytic cells is associated with 
a decrease of some metabolic processes like oxygen 
consumption, hexose monophosphate pathway 
activity and production of hydrogen peroxide. The 
diminished H a Qj production appears to he the 
major reason for the bactericidal defect. The 
leucocytes do not undergo degranulation following 
phagocytosis. The delayed granule rupture and 
defective release of myeloperoxidase also contribute 
to inefficient bactericidal activity. Leuctwiyres from 
the patients fail to reduce nitroblue tetrazolium 
(NBT) during phagocytosis, This property has been 
used as a screening method {NBT test) for the 
diagnosis of chronic granulomatous disease. 

The disease shows two types of inheritance— 
the more common X-linked type seen in boys and 
the rare autosomal recessive type seen in girls. 
Myeloperoxidase deficiency: In this rare 
disease, leucocytes have reduced myeloperoxidase. 
Patients are particularly liable to Candida albicans 
infection, 

Chediak-Higashi syndrome: This is a 
genetic disorder characterised by decreased 
pigmentation of the skin, eyes and hair, 
photophobia, nystagmus and giant peroxidase 
positive inchwsions in the cytoplasm oneucocytes. 
The inclusions may be the result of autophagocytie 
activity. The leucocytes possess diminished 
phagocytic activity. Patients suffer from frequent 
and severe pyogenic infections. 

Leucocyte G6PI> deficiency: In this rare 
disease, leucocytes arc deficient in glucose 6 
phosphate dehydrogenase and show diminished 
bactericidal activitv after phagocytosis. The 
condition resembles chronic granulomatous disease 
in reduced myeloperoxidase activity and 
susceptibility to microbial agents, but the NBT test 
mav be normal. 

•a 

Job’s syndrome: This is characterised by 
multiple large L cold' staphylococcal abscesses 
containing large quantities of pus, occurring 
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repeatedly on the skin and in various organs, with 
Little inflammatory response. Atopic c«cma, 
chronic nasal discharge and otitis media are 
common features. The scrum immunoglobulins are 
normal, except for elevated IgE. The pathogenesis 
of the syndrome is nut dear but it is probably a 
primary defect in phagocytic function. 

Tuftsin deficiency: A Icucnkinin capable of 
Stimulating phagocytosis, discovered at Tufts 
University, Boston, has been designated ‘tuftsin'. 
Chemically, it is a small teirapepti.de (Thr-Lys- 
Pro-Arg), Patients with tuftsin deficiency have 
been reported to be prone to local and systemic 
bacterial infections. 

Lazy leucocyte syndrome: The basic defect 
here is in chcmotaxis and neutrophil mobility. The 
bone marrow has a normal number of neutrophils 
but there Is a peripheral neutropenia, with poor 
leucocyte response to chemical and inflammatory 
stimulation. Patients show an increased 
susceptibility to bacterial infection, with recurrent 
stomatitis, gingivitis and otitis. 

Hyper-lgL syndrome: These patients, of both 
sexes, have nn early onset of eczema and recurrent 
bacterial infections such as abscesses, pneumonia and 
secondary infection of eciema. The organisms 
responsible include 5fa phyiococc u s aureus and 
5trtpfexnreuf p/figm «, Cellular and humoral, immurne 
mechanisms are normal but serum IgE levels are 
usually more than ten times the normal level. 

A cl in-binding protein deficiency: 
Frequent infection and slow mobility of leucocytes 
result from the defective actm-binding protein in 
these patients. 

Shwaehmnn's disco set In this condition, 


frequent infections are found together with decreased 
neutrophil mobility, pancreatic malfunction and 
bone abnormalities. 

SECONDARY IMMUNODEFICIENCIES 

A variety of factors such as malnutrition, malignancy; 
i nfections, metabolic disorders and cytotoxic dnigys may 
lead to deficits in specific and nonspecific immunity'. 
AIDS is a secondary imm u n od eficknej. Secondary 
immunodeficiencies ate therefore very much more 
common, than primary deficiencies. 

Deficiencies of humoral and cellular immune 
response may occur secondarily during the course 
of many disease processes. Humoral deficiency 
results when li cells are depleted as in Lymphoid 
malignancy, particularly in chronic lymphatic 
leukemia; when immunoglobulin catabolism is 
increased as in the nephrotic syndrome; when 
excessive loss of scrum protein occurs as in 
exfoliative skin disease and in protein-losing 
enteropathies; and when excessive production of 
abnormal immunoglobulins occurs as in multiple 
myeloma. Cell mediated immunity' is depressed in 
lymphoreticular malignancies, as in Hodgkin's 
disease; obstruction to lymph circulation or 
lymphorrheas; when the thymus dependent areas 
of lymph nodes are infiltrated with nonlymphoid 
cells as in lepromatous leprosy; and, transiently, 
following ce r tai n viral infections such as measles. 

Nutritional deprivation affects both types of 
immune responses adversely Ageing also causes 
waning in the efficiency of acquired immunity, 
Immunodeficiency follows the intentional or 
unintentional administration of immunosuppressive 
agents. 
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Immunity was originally considered a protective 
process, helping the body to overcome Infectious 
agents and their toxins. This however is only one 
aspect of the broad phenomenon of immunity which 
includes all manner of specific responses to antigens. 
Immune response may sometimes be injurious to 
the host. Sensitised individuals respond tn 
subsequent antigenic stimuli in an inappropriate or 
exaggerated manner, leading to tissue damage, 
disease or even death. The term hypersensitivity 
refers tn the injuiiousnnsoqusm in the sensitised 
host, following contact with specific antigens. In 
the protective processes of immunity; the locus of 
attention is the antigen and what happens to it— 
tor example, killing; of a bacterium or neutralisation 
of a toxin. In hypersensitivity, on the other hand, 
antigens arc of little concern and often, they arc 
Innocuous or bland substances such as serum 
proteins or pollen, I iypersensitivity is concerned 
with what happens co the host as a result of the 
immune reaction. 

Considerable confusion is attached to the use 
of the term 'allergy'. As originally used by von 
Pirquet, allergy meant an altered state of reactivity 
to an antigen, and included both types of immune 
responses, protective as well as injurious. It is still 
used in this broad sense hv some. Others use the 

r 

term allergy' to mean all immune processes harmful 
to the host, such as hypersensitivity and 
autoimmunity. Allergy is probably most commonly 
used as a synonym for hypersensitivity, Tt is 
sometimes employed In a narrow sense to refer to 
only one type of hypersensitivity, namely “atopy'. 

For induction of hypersensitrvily reactions, the host 


should have had contact with the antigen (allergen), 
The initial contact sensitises the immune system, 
leading to the priming of the appropriate B or T 
lymphocytes. This is known as the 'sensitising' or 
'priming’ dose. Subsequent contact with the allergen 
causes manifestations of hypersensitivity. This is 
known as. the 'shocking' dose. 

Classification of 
Hypkrshnsii ivitv Reactions 

Hypersensitivity reactions have been classified 
traditionally into 'immediate' and 'delayed' types, 
based on the time required for a sensitised host to 
develop clinical reactions on re-exposure to the 
antigen. The major differences he tween the 
immediate and delayed types ol hypersensitivity 
reactions are shewn in Tabic 18,1, 

The immediate and delaved reactions are 

r 

subdivided into several distinct clinical types; 

I. Immediate hypersensitivity (B cell or 
antibody mediated,) 

Anaphylaxis 

Atopy 

Antibody mediated cell damage 
Artbus phenomenon 
Serum sickness 

IK Delayed hypersensitivity (T cell 
mediated) 

Infection (tubereulm) type 
Contact dermatitis- type 

Coombs and Cell (1963) classified 
hypersensitivity reactions into four types based on 
the different mechanisms of pathogenesis. Their 
dassi fixation, now widely used, is outlined bdow: 
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Table 18.1 Distinguishing fealures cl immediate and delayed types ol hypersensitivity 


Immediate hypersensitivity 

1. Appeals and recedes rapidly. 

2. Induced by antigens nr haptens by my route. 

3. Circulating antibodies present and responsible 
for reaction; ‘antibody mediated' reaction. 

4. Putoivt transfer possible with Kcum- 

5. Desensitisition easy, but short-lived. 


Delayed hypersensi fivify 

1. Appeals sLowly, lasts longer. 

2. Antigen nr hapten intrademrally or with 
Freund* adjuvant or by tkin contact 

3. Circulating antibodies may be absent and 
not responsible for reaction; "cell mediated" 
reaction. 

4. Cannnot be transferred wjtb serum; but 
possible with T cells or rransfer factor, 

5 . Difficult, but long-lasting. 


i + Typo 1 {Anaphylactic, IgE or rcagin 
dependent): Antibodies {'cytotropic' IgE 
antibodies) arc fixed on the surface of tissue celts 
(mist cells and basophils) in sensitised 
individuals. The antigen combines with the eell~ 
fixed antibody, leading to release of 
pharmavolngically active substances {vasoactive 
amines) which produce the clinical reaction. 

2, Type II (Cytotoxic or cell, stimulating): This 
type of reaction, is initiated by lgG {or rarely 
lgM) antibodies that react either with eel! 
surface or tissue antigens- Cell or tissue damage 
occurs in the presence of complement or 
mononuclear cells. Type II reactions are 
intermediate between hypersensitivity and 
autoimmunity, Combination with antibody may, 
in some instances, cause stimulation instead of 
damage. An example is the long acting rhyroid 
stimulator' (LATS), an antibody against some 
determinant on thyroid cells, which stimulates 
excessive secretion of thyroid hormone. (Such 
antibody mediated cell stimulation has also been 
called type V hypersensitivity.) 

3. Type 111 (Immune complex or toxic complex 
disease): Here the damage is caused by antigen 
antibody complexes. These may precipitate in 
and around small blood vessels, causing damage 
to cells secondarily or on membranes, interfering 
with their function, 

4 .Type IV (Delayed or cell mediated 


hypersensitivity): This is a cell mediated 
response. The antigen activates specifically 
sensitised CD4 and CD? T cells, leading to the 
secretion of lymphokin.es,, with fluid and 
phagocyte accumulation. 

The classification and some of the features of 
hypersensitivity reactions arc shown in Table 
IS.2. The four types of immunopathogenic 
mechanisms described are not mutually 
exclusive. Any given hypersensitive reaction may 
comprise the components of more than one, or 
all of these mechanisms- The pathology’ and 
clinical features of such immunological diseases 
would also be influenced by the contributions 
of many nnnimmune body mechanisms such as 
inflammation, complement, coagulation, 
fibrinolytic and kininogenie systems, collectively 
called the humoral amplification spatem 

TYPE I REACTIONS (IgE DEPENDENT) 

These occur in two forms - the acute, potentially 
fatal, systemic form called anaphylaxis and the 
chronic or recurrent, nonfatsd, typically localised 
form called atopy. 

Anaphylaxis 

This is the classical immediate hypersensitivity 
reaction. The term anaphylaxis (ana = without, 
phyhxis * protection) was coined by Richer (1902) 
to describe his observation that dogs which had 
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Table 16.2 Types oi hypersensllivily metHn end their features 
7ype of traction Clinical syndrome Time required for Mediator* 


manifestation 


Type 1: IgE type 

1. Anaphylaxis 

2. Atopy 

Minutes 

IgE: histamine and 
other pfaunucologtcal 
agents 

Type II; Cytolytic 

Antibody mediated damage- 

Variable; hours 

IbG i*m, c 

and cytotoxic 

thromhocytopenia-agranulo' 
cyrosis, hemolytic anemia, etc. 

to days 


Type III: Immune 

I. Arthus reaction 

Variable; hours 

IgG; IgM* C* 

complex 

2. Serum sickness 

to days 

leucocytes 

Type IV: Delayed 

1. Tuberculin 

Hours to Jay? 

T cells; lymphokines; 

hypersensitivLcy 

2. Contact dermatitis 


macrophages 


survived a sublethai injection of a toxic extract of 
sea anemones were rendered highly susceptible tu 
minute doses of the toxiin given dap or weeks later* 
instead of becoming immune to it, Theobald Smith 
(1902) had noticed a similar phenomenon in guinea 
pigs, following widely spaced injections of toxin— 
antitoxin mixtures. Ehrlich named this the 
Theobald Smith phenomenon' and showed that it 
was independent of tile toxin and antitoxin used, 
since the phenomenon could be induced with 
normal serum also. 

Sensitisation is -most effective when the antigen 
is introduced parentcraliy but may occur by any 
mute* including ingestion or inhalation. In 
susceptible species, very minute doses Can sensitise 
the host. Antigens as well as haptens can induce 
anaphylaxis. There should be an interval of at least 
2-2 weeks between the sensitising dose and the 
shocking dose. Once sensitised, rhe individual 
remains so Ibr long periods- The shocking dose is 
most effective when injected intravenously* less 
effective intrapcrituneaJy or subcutaneously and 
least effective intradcrmally, 'I'hc shocking antigen 
must be identical or immurtologically closely 
related to the sensitising antigen. The clinical 
features of anaphylaxis are the same with anv antigen 
but vary between species. The clinical effects are 
due to smooth muscle contraction and increased 
vas™ I ar permeability. The organs affected vary with 


the species. Tissues or organs predominantly 
involved in the anaphylactic reaction are known as 
"target tissues' or "shock organs’. Other changes seen 
in anaphylaxis arc edema, decreased coagulability 
of blood, fid] in blood pressure and temperature, 
leucopenia and thrombocytopenia. 

There is considerable species variation, in 
susceptibility to anaphylaxis. Guinea pigs are highly 
susceptible and rats very resistant. Rabbits, dogs 
and human beings are of intermediate susceptibility. 
Anaphylaxis can be readily induced in guinea pigs. 
If a small dose of egg albumin is injected 
intraperitoncally T followed 2-2 weeks later by a 
slightly larger dose of the same antigen 
intravenously the guinea pig will exhibit a dramatic 
sequence of events. Within minutes the animal 
becomes irritables sneezes* coughs* experiences 
respiratory' distress, develops convulsions ami dies. 
The heart continues to beat for some time after the 
respiration has stopped. At autopsy* the lungs are 
markedly emphysematous and do nor collapse when 
the thorax is opened or even when they are cut 
into pieces. The shock organ is the lung. Death is 
due to the constriction of the smooth muscles of 
the bronchioles causing respiratory standstill. 

In rabbits, death in anaphylactic shock is due 
to constriction of the pulmonary' artery and its 
branches* leading to txrreme dilatation of chc right 
side of the heart. Respiratory movements continue 
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after the cessation rtf the heartbeat. In dogs, the 
reaction ft slower and takes 1-2 hours. There is 
constriction of the hepatic venous system with gross 
engorgement ui tlie liver and profound fell of blood, 
pressure. In human beings, fatal anaphylaxis is 
fortunately rare. Symptoms and signs ©f 
anaphylactic shock begin with itching of the scalp 
and longue, flushing of the skin over the whole 
body and difficulty in breatliing due to bronchial 
Spasm.There may be nausea, vomiting, abdominal 
pain and diarrhea, sometimes, with blood in the 
Stool. Acute hypotension, Loss of consciousness and 
death follow. Human anaphylaxis, once commonly 
associated with heterologous scrum therapy, is now 
seen mostly following injections of antibiotics or 
other drugs. Insect stings can also cause anaphylaxis 
in human beings. Prompt treatment with adrenaline 
can be life-saving. Adrenaline is to be administered, 
0-5 ml ol a 1 in 1000 solution, subcutaneously or 
intramuscularly, the dose being repeated upto at total 
of 2 ml over 15 minutes. If necessary, 
Ciituuccujs an&ph vlnxia; When a small 
shocking dose of an antigen is administered 
■ntradcrmally to a sensitised host, there will be a 
local whcaJ-and-flare response (local anaphylaxis). 
The wheal is a pale, central area, of puffiness due 
to edema, which is surrounded by a flare caused by 
hyperemia and subsequent erythema. Cutaneous 
anaphylaxis (skin test for Type I hypersensitivity) 
is useful in testing for hypersensitivity’ and in 
identifying the allergen responsible in atopic 
diseases. In highly sensitised individuals, even 
the skin test may lead to serious and even fatal 
reactions. Hence a syringe loaded with adrenaline 
should always be kept ready whenever a skin 
test Is performed to detect anaphylactic 
hypersensitivity. 

Pftssive on tan «ub anaphylaxis (t*CA): 
This test developed by Ovary (1952) is an extremely 
sensitive in vivo method for detection of antibodies. 
A small volume of the antibody is injected 
inrradermaily into a normal animal. If the antigen, 
along with a dye such as Evans blue, is injected 


intravenously 4-24 hours afterwards, there will be 

r 

an immediate blueing at the site of intradcrmal 
Injection due to vasodilatation and increased 
capillary permeability (wheal-and-flanc reaction). 
PCA can be used to detect human IgG antibody 
which is hctciocytotropic (capable of fixing to cells 
of other species) but not IgE which is 
homocytotropic (capable of fixing to cells □!" 
homologous species only)- 
Anuphy Ins is in vilros Isolated tissues, such 
as intestinal or uterine muscle strips from sensitised 
guinea pigs, held in a bath of Ringer’s solution will 
contract vigorously on addition of the specific 
antigen to the bath. This is known as the Schulte— 
Dale phenomenon. The reaction is specific and will 
be elicited only by the antigen to which the animal 
is sensitive. Tissues from normal animals can be 
passively sensitised by treatment with serum from 
sensitised animals, 

M ech un ism of anaphylaxis: The 
immunologic basis for hypersensitivity is cytotropic 
IgE antibody Free IgE antibody in circulation is 
not relevant in anaphylaxis,. Thus, an animal 
■with a high litre of circulating antibody may be 
refractory to shock, while anaphylaxis may be 
caused by cell fixed antibody, even in the absence 
of detectable circulating antibody’. While in human 
beings, IgE is the cytophilk antibody,, in the guinea 
pig and mouse tire analogous cytuphilic antibody 
is IgGl. 

IgE molecules are bound to surface receptors, 
on mast cells and basophils, These cells carry large 
numbers of such receptors called Fc ER receptors, 
analogous to TCR receptors on T cell surface. IgE 
molecules attach to these receptor* by theft Fc end. 
Following exposure to the shocking dose, the 
antigen molecules combine with the cell bound 
IgE, bridging the gap between adjacent antibody 
molecules. This cross-linking Increases the 
permeabili ty of the cells to calcium ions and leads 
to dcgntnulaiton, with release of biologically active 
substances contained in the granules. The 
manifestations of anaphylaxis arc due to 

Copyrighted materia 



4 Hypersensitivity ► 


163 


pharmacological mediators, which arc of two kinds 
—primary mediators which are the preformed 
contents of mast cell and hasnphil granules 
(histamine., serotonin, eosinophil chemotactic factor 
nf anaphylaxis, neutrophil chemotactic factor, 
heparin and various proteolytic enzymes) and 
secondary mediators which are newly formed upon 
stimulation by mast cells, basophils and other 
leucocytes {slow reacting substance of anaphylaxis, 
prostaglandins and platelet activating factor, and 
cytokines such as 1L3, IL4,. 1L5, IL6; GM-CSF). 
Primary mediators of anaphylaxis: 
Hatxmme This is the most important vasoactive 
amine in human anaphylaxis. Histamine is formed 
by the decarboxylation of histidine found in the 
granules of mast cells, basophils and in platelets, 
Released into the skin, histamine stimulates sensory 
nerves, producing burning and itching sensations. 
It causes vasodilatation and hyperemia by an axon 
reflex (flare effect) and edema by increasing capillary 
permeability (wheal effect), Histamine induces 
smooth muscle contraction in diverse tissues and 
organs, including vasculature, intestines, uterus, and 
especially the bronchioles. It also stimulates 
secretions (secretogogue effect). 

1, Serotonin (5-hydroxy tryptamineh 
This is a base derived by decarboxylation of 
tryptophan. It is found in the intestinal mucosa, 
brain tissue and platelets. It causes smooth 
muscle con tract ion, increased capillary 
permeability and vasoconstriction. It is 
important in anaphylaxis in rats and mice but 
its role in human beings is uncertain. 

2, Chemotactic factors! The eosinophil 
chemotactic factors of anaphylaxis (ECF-A) are 
acidic tetrapepfides released from mast cell 
granules which are strongly chemotactic for 
eosinophils. These probably contribute to the 
eosinophilia accompanying many hyper¬ 
sensitivity states. A high molecular weight 
chemotactic factor has been identified, which 
attracts neutrophils (NCF). 

Heparin is an acidic mucopolysaccharide. It 


contributes to anaphylaxis in dogs, bur apparently 
not in human beings, 

Enzymatic mediators such as proteases and 
hydrolases are also released from mast cell 
granules. 

Secondary mediators of anaphylaxis 

I. Prostaglandins and k L utanneries: They 
are derived by two different pathways from 
arachidonic acid, which is formed from 
disrupted cell membranes of mast cells and other 
leucocytes. The lipoxygenase pathway leads to 
the formation oi LeukotrieneS, while the cyclo¬ 
oxygenase pathway leads to prostaglandins and 
thromboxane. A substance originally 
demonstrated in lungs, producing slow, 
sustained contraction of smooth muscles, and 
therefore termed slow reacting substance of 
anaphylaxis (SRS*A) has since been identified 
as a family of lcukotricncs (LTB4, C4 r LK E4). 
Prostaglandin F2tt and thromboxane A2 are 
powerful, but transient, bronchoconstrietors. 
Prostaglandins also affect secretion by mucous 
glands, platelet adhesion, permeability and 
dilatation of capillaries and the pain threshold. 
Platelet activating factor (PAF)i PAF 
is a low molecular weight lipid released from 
basophils which causes aggregation of platelets 
and release of their vasoactive amines. 

Ollier mediators of nnaphytaxitt Besides 
the products of mast cells and other leucocytes., 
several other biologically active substances have 
been implicated! in anaphylaxis. These include the 
anaphylatoxins released by complement activation 
ardbradykinin and other kinins formed from plasma 
kininngens. 

An ophylactoid reaction: Intravenous 
injection of peptone, typsin and Certain Other 
substances provokes a clinical reaction resembling 
anaphylactic shock. This is termed 'anaphylactoid 
reaction’. The clinical resemblance is due to the 
same chemical mediators participating in both 
reactions. The only difference is that anaphylactoid 
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shock ha& no immu tin logical basis and is a 
nonspecific mechanism involving she activation of 
complement and the release of anaphykiootms. 
Alup\ : The term ‘atopy 1 (literally meaning out 
of place or strangeness) was introduced by Coca 
(1923) to refer to naturally occurring familial 
hypersensitivities of human beings,, typified by hay 
fever and asthma. The antigens commonly involved 
in atopy arc characteristically inhalants (for 
example, pollen, house dust) or ingest ants (for 
example, eggs, milk). Some of them are contact 
allergens, to which the skin and conjunctiva may 
be exposed, These at ope ns are generally not good 
antigens when injected pafcmerally but induce IgE 
antibodies, formerly termed as 'reapin' antibodies. 
Atopic sensitisation is developed spontaneously 
following natural contact with atopens. It is difficult 
t» induce atopy artificially. 

Predisposition to atopy is genetically determined, 
probably Linked Co MHC genotypes. Atopy therefore 
runs in families. What is inherited is not sensitivity 
to a particular antigen, or a particular atopic 
syndrome hut the tendency to produce Igli 
antibodies in unusually large quantities. All 
individuals arc capable of forming IgE antibodies 
in small amounts but in atopies IgE response is 
preponderant- About 10 per cent of persons have 
this tendency to overproduce IgE. Jt has been 
reported that boilkfed infants tend to develop atopy 
in later life more often than breastfed babies. 

IgE differs from other immunoglobulins i.n the 
following respects; 

1, It cannot be demonstrated by the conventional 
serological reactions such as precipitation; or 
complement fixation.'l*he first in vitro method 
for IgE detection was the radioallergosofbent 
test (RA$T). Simpler techniques such as 
ELISA and passive agglutination have since 
hem introduced. 

2. While atopy occurs -commonly in human bci ngs, 
it is not easy to induce It experimentally In 
animals. 


3. IgE is homocvtutropic, that is, species specific. 
Only human IgE can fix to the surface of human 
cells. This is the basis of the Pnausnitz-Kustner 

[ PK) reaction, which was the original method 
for detecting atopic antibody. Erausnltz and 
Kuatner (1921) reporred that if serum collected 
from Kustncr, who had atopic hypersensitivity to 
certain species of cooked fish, was injected 
intraeutaneousfy into Piausnit^fbDowcd 24 hours 
later by an iniracutaneous injection nl a small 
quantity of the cooked fish antigen into the same 
sire, a wheal • and»-flare reaction occurred within a 
few minutes. As tcagjnk IgE is homo-<ytotropie» 
the test hats to be carried out on human skim It 
carries the risk of transmission oil infection and so 
is no longer used. 

4. Unlike other antibodies, IgE is heat sensitive 
and is inactivated at 56 9 C in 2-4 hours, 
Heating appears to damage the Fc part of the 
IgE molecule, which is necessary tor fixation 
to cells. 

5. Atopic antibody docs not pass through the 
placenta. 

Atopic sensitivity is due to an overproduction 
of IgE antibodies. This is often associated with a 
deficiency of IgA. This association has led to the 
suggestion that IgA deficiency may predispose to 
atopy. The distribution of lymphocytes capable of 
synthesising IgA and IgE is closely parallel, 
especially in the submucosa. In normal individuals, 
the inhalant and ingestanC antigens are dealt with 
by IgA lining the respiratory and intestinal mucosa 
and therefore they do not come into contact with 
die potential IgE producing cells, When IgA is 
deficient, the antigens cause massive stimulation of 
IgE forming cells, leading to overproduction of IgE. 

The symptoms of atopy are caused by the release 
of pharmacologically active substances following 
the combination of the antigen and the cell fixed 
IgE. The clinical expression of atopic reactions is 
usually determined by site portal of entry of the 
antigen—conju nctivitis, rhinifis t gastrointestinal 
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symptoms and dermatitis following exposure 
through the eyes, respiratory tract, intestine or slrin, 
respectively- Sometimes the effects may be at sites 
remote from the portal of entry, for example, 
urticaria following ingestion of the allergen. 
Specific desenzicisatiort (hyposensitization) is- often 
practized in die treatment of atopy. 

TYPE II REACTION: CYTOLYTIC AND CYTOTOXIC 

These reactions- involve a combination of IgG (or 
rarely IgM) antibodies with the antigenic 
determinants on the surface of cells leading to 
cytotoxic or cytolytic effects, Examples are lysis of 
red cells caused by antieryihrocyte antibodies in 
autoimmune anemias and hemolytic disease of the 
newborn. Alternatively, a free antigen or hapten may 
lie absorbed on cell surfaces. Subsequent reaction 
of the combined antigen or hapten with its 
corresponding antibody leads to cell damage. Many 
drugs may act in this manner, leading to 
complement mediated lysis of red cells, leucocytes 
and platelets, causing hemolytic anemia, 
agranulocytosis, and thrombocytopenic purpura. 

In some Type II reactions, the antibody 
combines tenth cell surface receptors and disrupts 
normal function, either by uncontrolled activation 
(agonist effect as caused by the antibody Tong-acting 
thyroid stimulator* in Graves' disease) or by 
blocking (antagonisteffect as in myasthenia gravis). 

TYPE III REACTIONS: IMMUNE COMPLEX 
DISEASES 

Art bus reaction: Arthus (1903) observed that 
when rabbits were repeatedly in jeered 
subcutaneously with normal horse scrum, the initial 
injections bad no Local -effect but with later 
injections, there occurred intense local reaction 
consisting of edema, induration and hemorrhagic 

necrosis. This is known as the Arthus reaction and 
is a local manifestation of generalized 
hypersensitivity. The tissue damage is due to 
formation of atitigenrantibody precipitates causing 
complement activation and release of inflammatory 


molecules. This leads to increased vascular 
permeability and infiltration of the site with 
neutrophils. I jCLicocyte— platelet thro an hi are formed 
that reduce the blood supply and lead to tissue 
necrosis, The Arthus reaction can be passively 
transferred with sera containing precipitating 
antibodies (IgG, IgM) in high litres. 

Arthus reaction forms a pathogenic component 
of many clinical syndromes. For example, 
intrapulmonary Arthus-like reaction to inhaled 
antigens, such as thermophilic aetinomyeetez from 
mouldy hay nr grain causes Farmers lung and other 
types of hypersensitivity pneumonitis. 

Serum sickness; This is a systemic form of 
Type 111 hypersensitivity, As originally described 
by von Pirquet and Schick (1905), this appeared 
7-12 days following a single injection of a high 
concentration of foreign serum such as the 
diphtheria antitoxin. The clinical syndrome consists 
of fever, lymphadenupathy splenomegaly arthritis, 
glomerulonephritis, endocarditis, vasculitis, 
urticarial rashes, abdominal pain, nausea and 
vomiting. The pathogenesis iz the formation of 
i mmune complexes (consisting of the foreign serum 

and antibody to it that reaches high enough times 
by 7^12 days), which get deposited on the 
endothelial lining of blood vessels in various parts 
of the body, causing inflammatory infiltrarion. 

The plasma concentration of complement falls 
due to massive complement activation and fixation 
by the antigen antibody complexes. The disease is 
self limited. With continued rise in antibody 
production, the immune complexes become larger 
and mote susceptible to phagocytosis and immune 
elimination. When all foreign antigen is thus 
eliminated and free antibody appears, the symptoms 
clear without any sequelae. The latent period of 7- 
12 Jays iz required only for serum sickness following 
a single injection- With subsequent injections, the 
disease manifests earlier. Scrum sickness differs 
from other rypez of hypersensitivity reaction in that 
a single injection can serve both as the sensitising 
dose and the shocking dose. Ah heterologcjus serum 
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injections are not used often now, the syndrome is 
currently more commonly seen following injections 
of penicillin or other antibiotics. 

Immune complexes occur in many diseases, 
including bacterial, viral and parasitic infections (lot 
example, poststreptococcal glomerulonephritis, 
hepatitis type 15, malaria), disseminated 
malignancies and autoimmune conditions. The 
nephritis and arthritis seen in these conditions may 
be caused by deposition of immune complexes, 

TYPE IV REACTIONS: DELATED 
HYPERSENSITIVITY 

Type IV' hypersensitivity reactions (delayed 
hypetsensitiviiy) constitute one aspect ofceU mediated 
immune response. These are typically provoked by 
intracellular mietohial infections nr haptens like simple 
chemicals applied on the skin, evolve slowly and 
consist ol a mixed cellular reaction involving 
lymphocytes and macrophages in particular. The 
reaction lh not induced by circulating antibodies but 

by sensitised T cells (Tdth, Thl,Th2, Tc) which, on 
contact with the specific antigen, release cytokines 
that cause biological effects on leucocytes* 
macrophages and tissue cells. Delayed hypersensitivity 
cannot be passively transferred by scrum but can be 
transferred by lymphocytes or the transfer factor. Two 
types of delayed hvpcrscnEitiYity jn: recognised — the 
tuberculin (infection) type and the contact dermatitis 
type. 

luberculin (infection) type: The archetype 
of delayed hypersensitivity is the tuberculin 
reaction. When a small dose of tuberculin is injected 
intradcrmally in an individual sensitised to 
tubcrculoptotein by prior infection or immunisation, 
an indurated inflammatory reaction develops at rhe 
site within 48—72 hours. In unsensitised individuals, 
the tuberculin injection provokes no response. The 
tuberculin test therefore provides useful indication 
of the state of delayed hypersensitivity (cell 
mediated immunity) to the bacilli. The tuberculin 
test differs from the skin test for Type I 


hypersensitivity not only in the longer interval for 
appearance but also in its morphology and 
histology. 

Tuberculin type hypersensitivity develops in 
many infectious with bacteria, fungi, viruses and 
parasites, especially when the infection is subacute 
or chronic and the pathogen intracellular. A similar 
hypersensitivity is developed in allograft reaction 
and in many autoimmune diseases. 

Cutaneous basophil hypersensitivity: A 
local reaction resembling the tuberculin response 
may be produced by intiadcrmal injection of some 
protein antigens. This Is not a delayed 
hypersensitivity reaction as it Can be passively 
transferred by serum. Its histology is different from 
the tuberculin response, being characterised by 
prominent basophil infiltration. This was formerly 
known as the Joncs-Mote reaction but is no%v 
termed cutaneous basophil hypersensitivity". Its 
significance is not known, 

Ciont-acl dermatitis type: Delayed 

hypersensitivity sometimes results from skin contact 
with a variety of chemicals—metals such as nickel 
and chromium, simple chemicals tike dyes, picryl 
chloride, dinittuchlornbenaene, drugs such as 
penicillin, and toiletries. Sensitisation is particularly 
liable when contact is with an inflamed area of 
skin and when the chemical is applied in an ody 
base. Antibiotic ointments applied on patches of 
dermatitis frequently provoke sensitisation. The 
substances involved are in themselves not antigenic 
but may acquire antigenicity on combination with 
skin proteins. Sensitisation requires percutaneous 
absorption. As most of the substances involved are 
far soluble, passage along sebaceous glands may be 
the method of entry of the allergens, 

Langerhans’ cells of the skin capture locally 
applied hapten, along with the modified tissue 
proteins, and migrate to the draining lymph nodes 
where they present the processed antigen along 
with MHC molecules Co T crlls.The sensitised T 
cells travel to rhe skin site, where on contacting 


»py righted m atari 


4 HyptirttfWtttvity ► 


the antigen they real-ease various lymphokincs.Thl 
eel In secrete IFNy and JL2 which activate 
macrophages and other lymphocytes, Th2 cells 
release IL4, ILS, GM-CSF and other factors that 
lead to an influx of eosinophils and tissue damage. 
Activated Tc cells mediate willing of target cells, 

Contact with the allergen in a sensitised 
individual leads to ‘contact dermatitis', the lesions 
varying from macules and papules to vesicles that 
break down, leaving behind taw weeping areas 
typical of acute eczematous dermatitis. 
Hypersensitivity is detected by the 'patch test’, The 
allergen is applied to the skin under an adherent 
dressing. Sensitivity is indicated by itching 
appearing in 4--5 hours, and local nr action which 
may vary from erythema to vesicle Of blister 
formation, after 24-28 hours, 

SHWARTZMAN REACTION 

This h not an immune reaction hut richer a 
perturbation in factors affecting intravascular 
coagulation. It is traditionally described along wi th 
hypersensitivity reactions because of a superficial 
resemblance. 

Shwartzman (1928) observed that if a culture 
filtrate of S. r yphi is injected intradernully in a 
rabbit, followed 24 hours later by the same filtrate 
intravenously, a hemorrhagic necrotic lesion 
develops at the site of the inlradermal injection. 
The intradcrmal and intravenous injections need 
not be of the same or even related endotoxins. 
Culture suspensions or filtrates of a variety of 
bacteria will sensitise the skin to intravenous 
injection by an equally wide variety of cultures or 
filtrates-. This absence of specificity and the short 
interval between the two doses preclude any 
immunological basis for the reaction. 

The initial (preparatory) dose is 
characteristically an endotoxin. The intravenous 
(provocative) injection can be a variety ot substances 
—bacterial endotoxins, antigen—iDti bn dy 
complexes, starch, serum, kaolin and others. The 
preparatory injection causes accumulation of 


leucocytes which ■condition the site by release of 
lysosomal enzymes damaging capillary walls. 
Following the provocative dose, there occurs 
intravascular clotting, the thrombi leading to 
necrosis of vessel walls and hemorrhage. 

If both the injections are given intravenously, 
the animal dies 12-24 hours after the second dose. 
Autopsy shows bilateral cortical necrosis of the 
kidneys and patchy hemorrhagic necrosis in the 
liver, spleen and other organs. An essentially similar 
phenomenon was. described by Sanaiclli (1924) in 
experimental cholera. The reaction is therefore 
called the Saimrelli-Shwarezmiti reaction or the 
generalised Shwartz man reaction. 

It has beers wed that mechanisms similar 

to the Shwartzman reaction may operate in some 
clinical conditions such as the purpuric rashes of 
meningococcal septicemia and she acute, 
hemorrhagic adrenal necrosis found in 
overwhelming infections (Waterhouse- 
Friderichsen syndrome). 

Many infections, particularly Gram negative 
septicemias can lead to a septic shock syndrome 
with profound hypotension, hypoxia and oliguria. 
This may sometimes be accompanied by the adult 
respiratory distress syndrome (ARDS) with 
overwhelming neutrophil invasion of lungs. 

Massive activation of complement by the 
alternative pathway, associated with release of 
thromboxane A2 and prostaglandins from platelets 
may lead to disseminated intravascular coagulation. 
The mechanism may be the excessive release of 
cytokines such as the tumour necrosis factor and 
interleukins 1 and 6 W macrophages and endothelial 
cells in response to contact with large quantifies of 
lipopolysaccharidc endotoxin. Some Gram positive 
infections may also cause similar effects. Snphylo- 
coccus aureus can induce 1 NF seCfctitsO by 
macrophages and peptidoglycan mediated platelet 
aggregation, leading to disseminated intravascular 
coagulation. Staphylococcal cnterotrxxin can act as- 
a super antigen, activating whole tarrsilicH <i| P cells, 
irrespective of their antigen specificities and causing 
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massive release of cytokines, leading to the trade origin bur their pathogenic imech&niRins resemble 
shock syndrome.Theseamditions arc not of immune those in immune inflammation, 
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Autoimmunity 


Self-antigens arc not ordinarily immunogenic. 
Ehrlich (1901) observed that goats produced 
antibodies against erythrocytes from other goats but 
rot against their own, and postulated the concept 
of'horror auto toxic us’. But he did not regard 
autoimmunisatLan as an impossibility and even 
envisaged its pathogenic possibility. 

Autoimmunity is a condition in which 
structural or functional damage is produced hv the 
action of immunologic ally competent cells or 
antibodies against the normal components of the 
body. Autoimmunity literally means ‘protection 
against self' but it actually implies 'injury to self 
and therefore it has been criticised as a contradiction 
in terms. 'Autoallcrgy' has beer suggested as an 
acceptable alternative but the term autoimmunity 
has the sanction of wide usage. 

The earliest example of autoimmunity was the 
observation by Metiilnikoff (1900) that guinea pigs 
injected with their own spermatozoa produced 
sperm immobilising antibodies, Donath and 
Landsfeiner (19Q4) identified circulating 
auroantibodies in paroxysmal cold hemoglobinuria 
—a hemolysin which binds with the patient’s 
erythrocytes at low temperatures and produces 
complement dependent hemolysis on warming. 
This was the first description of ait autoimmune 
disease in human beings, Dameshck and Schwartz 
(1938) established the autoimmune basis of acute 
hemolytic anemia. With the discovery of Coombs 
test for incomplete antibodies it became possible 
to demonstrate globulins bound to the surface of 
erythrocytes in this condition. Autoimmunisation 
could be induced in experimental animals by 


injection of self-antigens along with the complete 
Freund's adjuvant. The use of sensitive serological 
techniques led to the demonstration of 
autoantibodics in several diseases and even in a 
proportion of healthy individuals. Some 
autoantibodics, such as the an tiidiotypic antibody 
may even be essential for the normal functioning 
of the immune system. 

When the concept of autoimmunity came to be 
accepted as a pathogenic mechanism, a large number 
of diseases were suggested to have an autoimmune 
etiology, based on the finding of autoantibodics in 
the patients. This was soon recognised to be 
untenable as autoantibodics could be often 
incidental or the result, and not the cause of disease. 

Criteria were proposed fur proving the 
authenticity of putative autoimmune diseases, 
similar to Koch's postulates in infectious diseases. 
These were found to be nor applicable in the case 
of such spontaneous and multifactorial conditions 
as auioimmune diseases, It may be proper to restrict 
the term 'autoimmune diseases' to those where 
autoimmune processes, humoral or cellular, arc 
shown to be responsible for the pathogenesis, rather 
than merely associated. This 3s nor strictly adhered 
ro. Moreover, the border between autoimmunity and 
hypersensitivity is largely ill-defined or even 
nonexistent. 

Diseases of autoimmune origin usually exhibit 
the following features; 

1. An. derated level of immunoglobulins. 

2. Demonstrable autoanribodies, 

3. Deposition of immunoglobulins or their 

derivatives at sites of election, such as renal 
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glomeruli. 

4, Accumulation of lymphocytes and plasma cells 
at the ■sites of lesson. 

5, Benefit from corticosteroid or other 
immunosuppressive therapy. 

6- The occurrence of more than one type of 
autoimmune lesion in an individual. 

7. A genetic predisposition towards autoimmunity. 

8. Incidence higher among females. 

9. Chronieiry. Usually nonreversible. 

MECHANISMS OF AUTOIMMUNISATION 

Celts or tissues may undergo antigenic alteration 
as a result of physical„ chemical or biological 
influences. Such altered or 'neoantigens 1 may elicit 
an immune response. Ncoantigcns can arise in a 
variety of ways. Physical agents such as irradiation 
cm cause antigenic alteration. Photosensitivity and 
cold allergy may represent sensitisation to self- 
antigens, altered by light and cold, respectively. 
Several chemicals, including drugs, can combine 
with cells and tissues and alter their antigenic 
nature. Contact dermatitis, which is traditionally 
considered a type of delayed hypersensitivity, car] 
also he taken to be an autoimmune response to skin 
antigens altered by their combination with chemical 
allergens. Drag induced anemias, Icucopenias and 
thrombocytopenias often have an autoimmune basis. 
Infectious microorganisms, particularly viruses and 
other intracellular pathogens, may induce alteration 
of cell antigens. Viral infections, such as infectious 
m□ n□ nucleosis, are known to often precede 
autoimmune diseases. Bacterial enzymes also induce 
alteration of cell antigens. Neuraminidases formed 
by myscoviruses and many bacteria act on 
erythrocytes releasing the 1’ antigen. The almost 
universal occurrence of T agglutinins in human 
sera is believed to represent a harmless autoimmune 
response following infections, Ncoantigcns may also 
arise by mutation. Such mutant cells may be 
immunogenic. 

Immunological damage may result from 
immune responses induced by cross-reacting 


foreign antigens. The fortuitous similarity between 
some foreign and self-antigens is the basis of the 
'cross reacting antigen’ theory of autoimmunity. 
Organ specific antigens are present in several 
species. Injection of heterologous organ specific 
antigens may induce an immune response damaging 
the particular organ or tissue in the host. An example 
is the neurological injury that used to be a 
complication of anrirabk immunisation in human 
being?, with the neural vaccine of infected sheep 
brain tissue partially denatured by treatment with 
phenol. Its injection elides an immune response 
against sheep brain antigens. This msy cause 
damage to the individual's nerve tissue due to the 
cross-reaction between human and sheep brain 
antigens. Immunological injury due to cross- 
reacting antigens can also follow infections. 
Streptococcal M proteins and the: heart muscle share 
antigenic characteristics- The immune response 
induced by repeated streptococcal infection can 
therefore damage the heart. Nephntogenic strains 
of streptococci possess antigens found in the renal 
glomeruli. Infection with such strains may lead to 
glomerulonephritis due to the antigenic sharing. 

A related type of autoimmunfeation is "molecular 
mimicry' which is due to the presence in some 
infecting microorganisms and self-antigens, of 
epitopes with identical peptide sequences (instead 
of similarities in 'cross-reactions 1 }. Examples of 
such homologous sequences are seen, in 
arihritogenic Shigella flexntri and HLA-.B27, 
Mycobacterium tubemfiosjs and joint membranes, 
Comckie B and myocardium. 

Another hypothesis is polyclonal B cell 
activation. While an antigen generally activates only 
its corresponding B cell, certain stimuli 
nonspecifically cum on multiple B cell clones. Such 
stimuli include chemicals {for example, 2* 
mere apt oethmol), bacterial products (PPD, 
lipopolywochafideX enzymes (trypsin), antibiotics 
(nystatin) and infections with some bacteria 
(mycoplasma), viruses (EB vims) and parasites 
(malaria). Multiple nonspecific antibodies form 

Copyrighted material 



4 Autoimmunity * 


171 


during some infectious diseases, such as anrihuman 
erythrocyte cold antibodies in mycoplasma 
pneumonia and antishccp erythrocyte antibody in 
infectious mononuelcosis.Thcse polyclonal 
antibodies are IgM in nature, similar to the "natural 
antibodies 1 produced by CDS+ B cells. 

Breakdown of immunological homeostasis may 
lead to cessation of tolerance and the emergence of 
forbidden clones of immunocompetent cells capable 
of mounting immune response against selfiantigens-. 
Autoimmunisation may result when tolerance co a 
self-antigen is abrogated, as for instance by the 
injection of the self-antigen with Freund’s adjuvant. 

Enhanced helper T cell and decreased 
suppressor T cell functions have been suggested as 
causes of autoimmunity Defects in the thymus, in 
stem cell development and macrophage function 
have also been postulated as causes. 

Certain self-antigens are present in closed 
systems and are not accessible to the immune 
apparatus, These arc known as sequestered antigens. 
An example is the lens antigen of the eye. The lens 
protein is enclosed in its capsule and does- not 
circulate in the blood. Hence immunological 
tolerance against this antigen is not established 
during fetal life. When the antigen leaks out, 
following penetrating injury, it may induce an 
immune response causing damage to the lens of 
the other eye. An example of’sequestration in time' 
is seen with sperm antigens. As spermatozoa 
develop only with puberty, the antigen cannot 
induce tolerance during feta! lift The sperm antigen 
is therefore nut recognised as self and when it enters 
the circulation, it Is immunogenic, This is believed 
to be the pathogenesis of orchitis following mumps. 
The virus damages the basement membrane of 
seminiferous tubules leading to the leakage of 
sperms and initiation of an immune response 
resulting in Orchitis, 

Defects in the idi-otype—antiidiotype network 
have also been said to lead to autoimmunity. 
Genetic factors such as defective ir or 
immunoglobulin genes have also been postulated. 


In human autoimmune diseases and in animal 
models, genetic factors appear to influence the 
development and fate of autoimmune states. In spite 
of so many different possible mechanisms proposed, 
their actual role in autoimmunity, if any, has not 
been established. 

Many animal models of spontaneous and induced 
autoimmunity have contributed to an understanding 
of this condition. Examples of spontaneous 
autoimmune diseases in animals are autoimmune 
hemolytic anemia in the New Zealand Black 
(NZR) mouse Strain, systemic lupus erythematosus 
in NZB X NZW cross, insulin dependent diabetes 
meUitus in the non obese diabetic {NOD) mouse, 
and thyroiditis in the obese strain (OS} chicken, 
Experimentally, autoimmunity can be induced in 
many animal species by injecting tissue attracts in 
the complete Freund's adjuvant^for example, 
experimental allergic encephalomyelitis with brain 
or spinal cord extracts, and thyroiditis with thyroid 
gland extract, 

CLASSIFICATION OF AUTOIMMUNE DISEASES 

Based on the site of involvement and nature of 
lesions, autoimmune diseases may be classified as 
hemoeytolytic, localised (or organ specific}, systemic 
(or nonorgan specific), and transitory diseases. 

Hemdcytolytic Autoimmune 
Diseases 

Autoimmune hemolytic anemias: 
Autoantibodies against erythrocytes are 
demonstrable in this condition. Serologically, two 
groups of autoimmune anemias can be 
distinguished, characterised by ‘cold' and 'warm" 
antibodies, respectively. 

The cold autoantibodies aie, generally, complete 
agglutinating antibodies belonging to the IgM cLass 
and agglutinate etyidirocytes at 4 ’C but not at 37 “C. 
Cold agglutinins were first detected by Dunath and 
Landsteiner in paroxysmal cold hemoglobinuria. 
This condition, which used to frequently 
accompany syphilitic infection, h seldom seen 
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nowadavs. CoEd aggluhnins an." also seen in primary 
atypical pneumonia liypaDosoims&ii&nd bkekwater 
fever- 

Warm auto&ntibodies are generally incomplete, 
nonagglutinating antibodies usually belonging Co 
the IgG class. They can be shown coating the 
erythrocytes in the d ircct Coombs test. Warm 
anticrytbrocytc antibodies arc frequently seen in 
patients taking certain drugs such as suiphonamides, 
antibiotics, and alpha methyl dtapa,. 

In autoimmune anemias, the red cells coated 
with antibodies are prematurely destroyed in the 
spleen and liver. Complement dependent 
intravascular hemolysis appears to be a rare event. 
Autoimmune thrombocytopenia; 

Autuantibodies directed against platelets occur in 
idiopathic thrombocytopenic purpura, Sedormid 
purpura is an instance of immune response against 
drug induced nen antigens on platelets. This 
condition is traditionally considered an antibody 
mediated hypersensitivity. 

Autoimmune leucopenioi Nonagglutinating 
antileucocytc antibodies can be demonstrated in the 
serum of patients with systemic lupus 
erythematosus and rheumatoid arthritis. 

Localised (Organ Specific) 
Autoimmune Diseases 

Autoimmune diseases ot the thyroid 
gland 

1. M nshimolo’s disease (Lymphadcnokl 
goitre): This is the most typical and best 
studied of organ-specific autoi mmune diseases, 
In 1956, Roitt and Doniaeh in England 
demonstrated antichyroglobulin antibodies in 
the sera of patients by precipitation in gel, and 
Witcbsky and Rose in the USA by the more 

sensitive passive hemagglutination test. The 
latter workers also reproduced the disease in 
rabbets by immunisation with autologous thyroid 
tissue obtained by h e mi thyroid e et o my, 
Hashimoto's disease occurs more frequently in 
females and is associated with an enlargement of 


tire thyroid gland and symptoms, of hypothyroidism 
or frank myxedema. Histologically, the glandular 
structure is replaced by lymphoid tissue consisting 
of lymphocytes h histiocytes and plasma Cells, 
Antibodies with different specificities have been 
found in this condition. They' include antibodies 
that react with thyroglobulin, a second acinar 
colloid, microsomal antigen and a thyroid cell 
surface component, 

2, Thyrotoxicosis (Graves’ disease)! The 
majority' of patients with thyTotoxicosis possess 
antibody to thyroglnbulin, Lymphocytic 
infiltration is common in thyrotoxic glands. TTie 
immunological basis of thyrotoxicosis is 
supported by the identification of the long 
acting thyroid stimulator’ (LATS) which is an 
IgG antibody to the thyroid membrane antigen. 
Combination of LATS with the surface 
membrane of thyroid cells seems to stimulate 
excessive hormone secretion. 

AddisorTa disease: The immunological basis 
of Addison’s disease is suggested by lymphocytic 
infiltration of the adrenal glands and the presence 
of circulating antibodies directed against the cells 
of the zona glomerulus a. Similar lesions can be 
produced in experimental animals fay immunisation 
with adrenal tissue in Freund’s adjuvant. 

AUtoinIfnune orchitis: Experimental allergic 
orchitis with progressive damage to germinal 
epithelium and aspermatogenesis, can be induced 
in guinea pigs by the injection of autogenous or 
allogeneic testes with Freund’s adjuvant. A similar 
condition sometimes follows mumps orchitis. 
Lymphocytic infiltration of the testes and 
circulating antibodies to the sperms and germinal 
cells can be demonstrated in this condition, 
Mynsthcnia gravis; In this disease, there is 
an abnormal fatiguability of muscles due to 
malfunction of the myoneural junction. An antibody 
against acetyl choline receptor on myoneural 
junctions of striated muscles is present in these 
patients. This prevents acetyl choline from 
combining with its receptor, and impairs muscular 
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contraction. The thymus shows lymphoid 
hyperplasia and numerous germinal centres. Infants 
born to affected mothers show symptoms of the 
disease hut recover spoil taneously by the age of two 
months, coinciding with the disappearance of 
maternal antibodies. This suggests chat the 
pathogenic factor in neonatal myasthenia may be 
the autoantibody passively acquired from the 
mother. 

Autoimmune diseases of the eye: Two 
types of autoimmune diseases arc seen in the eye. 
Cataract surgery some times leads to intraocular 
inflammation caused hy the autoimmune response 
to the lens protein. This is known as 
phaL-oanaphyiaxis. 

Perforating injuries of the eye, particularly those 
invoking the Iris orciliaiy bodies are often followed 
by sympathetic ophthalmia in the opposite eye.The 
disease can be produced in experimental animals 
by immunisation with uveal or retinal tissue in 
Freund's adjuvant and can be passively transferred 
with the spleen or lymph node cells but not with 
serum. 

Pernicious anemia: Two types of 
autoantibodies are present in this condition. The 
first is directed against the parietal cells of the 
gastric mucosa. This is believed to cause 
achlorhydria and atrophic gastritis. The second type 
of antibody is directed against the Intrinsic factor 
and prevents absorption of vitamin B u either by 
blocking its attachment to die gastric intrinsic factor 
or by binding to the intrinsic factor -complex 
and interfering with its uptake by the intestinal 
mucosa. 

Autoimmune diseases of the nervous 

system: The 'neuroparalytic accidents' following 
rabies vaccination represent injury to the nervous 
system hy the immure response against the sheep 
nervous tissue in the vaccine, which cross reacts 
with human nerve tissue, An essentially similar 
condition, experimental allergic encephalomyelitis 
{EAE}, can be produced In animals by 
immunisation with nervous tissue in Freund s 


adjuvant. The encephalogenic protein has been 
identified as the myelin basic protein (MBP) which 
shows no species specificity. 

Idiopathic polyneuritis (Guiflain-Rarfe 
syndrome) is considered an autoimmune response 
against the peripheral nervous tissue. It can be 
reproduced in experimental animals by 
immunisation with peripheral nervous tissue in an 
adjuvant. 

Autoimmune diseases of ihe skin: Three 
serious diseases of the skin are considered to 
have an autoimmune basis. Pemphigus vulgaris 
may he caused hy an antibody |o the intercellular 
cement substance. In bullous pemphigoid, 
antibodies directed against the dermal epithelial 
junction have been demonstrated. Specific 
antibodies in dermatitis herpetiformis have not been 
identified. 

Systemic (Nonorgan Specific) 
Autoimmune Diseases 

This group includes conditions characterised by 
immune response against a variety of self-antigens 
and damage to several organs and tissue systems. 
Klemperer [1943) classified a numher of diseases 
of unknown origin with the common feature of 
connective tissue lesions as 'collagen diseases 7 . 
Included in this category are systemic lupus 
erythematosus [SLE), rheumatoid arthritis,, 
polyarteritis nodosa, Sjogren's syndrome, 
dermatomvositis and scleroderma. All these 
conditions arc associated with generalised 
autoimmune processes. 

Systemic lupus erj themulosus; This is a 
chronic, multisystem disease with remissions and 
exacerbations, terminating fatally. Patients liave a 
variety of autoantibodies directed against cell nuclei, 
Intra cytoplasmic cell constituents, imiruno 
glohulins, thyroid and other organ specific antigens. 
Biological false positive reaction is seen in standard 
tests for syphilis. The abundance and variety of 
autoantibodies suggest a breakdown in the central 
control of immunological homeostasis. 
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The first immunological feature identified in 
SLE was the LE cell phenomenon described in 
1948. The LE celt is a neutrophil containing a 
large, pale, homogeneous bod}' {LE body) almost 
filling; the cytoplasm. 1 he LE. body is the 
immunologically damaged nucleus- of a leucocyte- 
Sometimes, instead of being intracellular, the LE 
body car be seen free, surrounded by a rosette of 
neutrophils.The liuct that I .E cell formation is due 

to an antibody {LE factor) present in SLE can be 
demonstrated by incubating normal blood with 
serum from an SLE patient. The nuclei of some 
leucocytes can be seen to swell and become pale 
and spherical. Neutrophils can be observed to 
surround these damaged ceils, strip away the 
cytoplasm and engulf the fife nucleus to form LE 
celts. Gicmsa stained smears of blood or bone 
marrow can demonstrate LE cells, but its sensitivity 
is so low that this test has been replaced by other 
antibody tests for diagnosis. 

Immune fluorescent tests for antinuclear 
antibody (ANA) show up different patterns of 
staining, such as homogeneous (diffuse), peripheral 
(outline), speckled and nucleolar staining patterns. 
ANA tests, are sensitive but not specific tor SLE, 
as they may be. positive in many other autoimmune 
conditions, viral infections, chronic Inflammatory 
processes, as well as in persons using certain 
medicines and in the aged. 

Anti-DNA antibodies are tested by R1A or 
ELISA, Three major types of these antibodies are 

Seen—those reacting with jingle stranded (ss), 

double stranded (ds> and both, ss and ds DNA. Of 
these, high titre anti-ds DNA antibody is relatively 
specific tor SLE. Another SLE specific antibody 
is anti-sm antibody. 

Rheiimotoid urihrilis: This is a symmetric 
polyarthritis with muscle wasting and subcutaneous 
nodules, commonly associated with scrositis 
myocarditis, vasculitis and other disseminated 
lesions. It Is found more commonly ia women.The 
synovial membranes of the affected joints ire swollen 
and edematous, with dense infiltration of 


lymphocytes and plasma cells, A striking feature Is 
the presence of a circulating auroantibody called 
the 'Rheumatoid factor’ (ILF). This is usually a 19s 
IgM, though IgGf and IgA RF have also been 
demonstrated. RF acts as an antibody against the 
Fc fragment of immunoglobulins. They combine 
usually with IgG though some types of RF are 
directed towards other immunoglobulin classes, RF 
reacts with autologous, isologous or heterologous 
immunoglobulins. RF is generally considered to 
be an immunogfobulin behaving as antibody to 
determinants present in the patient's own IgG 
molecules, though some configurational alteration 
of IgG may be required before its reactivity with 
RF becomes demonstrable. 

RF is detected by agglutination tests using, as 
antigens, panicles coated with globulins. In the 
Rose—Waaler test, the original technique for 
detection of RF, sheep erythrocytes coated with a 
subagglutinating dose of anticrythrocyte antibody 
(amboceptor) are used as the antigen in an 
agglutination test,. In modifications of the test, latex 
and bentonite are used as the carrier particles for 
IgG. Antinuclear antibodies are frequently found 
in rheumatoid arthritis. 

Poly arteritis nodosa; This; is. a nccrotising 
angiitis involving medium sized arteries, ending 
fatal tv due to coronary thrombosis, cerebral 
hemorrhage or gastrointestinal bleeding. 
Polyarteritis is seen as a component of serum 
sickness and other toxic complex diseases. Immure 
complexes- of Hepatitis B virus antigen (Hbs Ag) in 
affected tissues, including the kidneys, have beer 
demonstrated in 30-40 per cent of patients, Though 
it has been suggested that polyarteritis nodosa may 
be an autoimmune disease, the autoantibody 
responsible has not been identified. 

■Sjogren syndrome; This is a triad of 
conjunctivitis sicca, dryness of the mouth, with or 
without salivary gland enlargement, and rheumatoid 
arthritis. The syndrome may occur in association with 
other collagen diseases. Antinuclear antibodies and 
rheumatoid factor commonly occur in sera. 
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TRANSITORY AUTOIMMUNE PROCESSES 

Th Cse include conditions suck as anemia, 
thrombocytopenia nr nephritis that follow certain 
infections or drug therapy. The infecting agent nr 
drug induces antigenic alteration in some self¬ 
antigens. The immune response set up causes tissue 
damage. The disease is transient and undergoes 
spontaneous cure when the infection is controlled 
or the drug withdrawn, 

PATHOGENESIS OF AUTOIMMUNE DISEASE 

Many diseases arc considered to be of autoimmune 
origin, based on their association with cellular or 
humoral immune responses against sdf-antigen?. 
Autoantibodics arc mom easily detected than cellular 
autosensitisation. However, the mere presence of 
autoantibodies during the course of a disease does 
not prove their etiological role. Autoantibody 
formation may be a result of tissue injury and the 
antibody may help in promoting immune 
elimination of tile damaged cell or tissue element?. 
A typical example is lepromatnus leprosy in which 


large amounts of auto-antibodies ate regularly found. 
It has been said that but for the lepra bacillus, 
leprouiprinu? leprosy may have keen proposed as an 
autoimmune disease. 

The relative importance of humoral and cellul ar 
immune processes in the etiology of autoimmune 
diseases is not known. Antibodies may cause damage 
by the cytolytic or cytotoxic (type 2) and toxic 
complex (type 3) reactions. They arc obviously 
important in hemocytolytic autoimmune diseases. 
Another mechanism of autoimmune tissue damage 
is by sensitised T lymphocytes (type A reaction). It 
is likely that humoral and cellular immune 
responses may act synergisticaily in the production 
of some autoimmune diseases. For example* 
experimental orchitis can he induced only when 
both types of immune responses are operative. 

Once initiated, most autoimmune responses tend 
to be self perpetuating. Their progress can be 
arrested by immunosuppressive therapy, though the 
degree of response to such therapy varies in different 
diseases. 
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IMMUNOLOGY OF TRANSPLANTATION 

When* as a result of disease or injury, an organ or 
[Issue becomes irreparably damaged, or when an 
organ is congenitally detective or absent, 
transplantation or grafting becomes necessary for 
the restoration of function. The tissue or organ 
transplanted is known as the transplant or graft- 
The individual from whom the transplant is 
obtained is known as the donor and the Individual 
to whom it is applied, the recipient. 

Transplantation is one ol mankind's ancient 
dreams. Chimeras, fanciful creatures composed of 
parts from different species, figure in the mythology 
and pantheon of all ancient nations. Such 
transplantations across the species harrier, however, 
do not succeed, It was recognised very early that 
transplants survive only when the tissue or organ 
is taken from the recipient himself, while grafts 
from another individual of the same species or from 
a different species would he rejected- The earliest 
application of transplantation appears to have been 
skin, grafting for reconstruction of the severed nose, 
using the patient s own skin flaps - a technique 
described in the Sushnita {circa 800 PC). 

The reasons For the rejection of exogenous grafts 
were for long suspected to be due to active immunity 
but it was only in the 1940s that the work of 
Medaw'ar and his colleagues conclusively proved 
its immunological basis. 

Classification of Transplants 

Transplants may be classified in various ways: 

L Based on the organ or tissue tran^pLanted 1 they 

are classified as kidney, heart, skin transplant. 


and so on, 

2. Based on the anatomical site of origin of the 
transplant and the site of its placement, grafts 
are classified as ‘orthoiopnf and 'heterotopiel 
Orthotopic grafts arc applied in anatomically 
‘normal'sites, as in skin grafts, Heterotopic grafts 
are placed in anatomically "abnormal' sites, as 
when thyroid tissue is transplanted in a 
subcutaneous pocket. 

3. Transplants may be of fresh tissues and organs 
or of stored ones. 

4. Transplants may he of hiring or dead materials. 
Live grafts, such as kidney or heart, are expected 
to survive and function physiologically in the 
recipient and are called 'vital graftal Nonliving 
transplants like bone or artery merely provide a 
scaffolding on which new tisane is laid by the 
recipient. They arc called ‘static' or "structural 1 ’ 
grafts. 

5. Transplants may be classified based on the 
genetic {and antigenic) relationship between the 
donor and ibe recipient (Table 20,1), An organ 
or tissue taken from an individual and grafted 
on himself is an autograft- A graft taken from 
an individual and placed on another individual 
of the same generic constitution is called an 
isograft. Grafts made between identical twins 
or between syngeneic members of highly inbred 
strains of animals are examples of isografts. 
Grafts between two genetically non identical 
members of the name species arc called allografts 
(formerly called homografts). Grafts between 
members of different species arc called 
xenografts (formerly called heterografts). 
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Tun A i.lot; raft Reaction 

When a skin graft from an animal (such as a rabbit) 
is applied on a genetically unrelated animal of the 
same species, the graft appears to be accepted 
initially. The graft is vascular! sed and seems 
morphologically and hmctionally healthy during 
the first two Of three days. However, by about the 
fourth day, inflammation becomes evident and the 
graft is invaded by lymphocytes and macnaphages. 
The blood vessels within the graft are occluded by 
thrombi, the vascularity diminishes and the graft 
undergoes ischemic necrosis. With extending 
necrosis, the graft assumes a scab-like appearance 
and sloughs off by the tenth day. This sequence of 
events resulting in the rejection of the allograft IS 
known as the first sef response {also known as the 
'first set rejection or reaction’). 

If, in an animal which has rejected a graft: by 
the first set response, another graft from the same 
donor is applied, it will be rejected in an accelerated 
fashion, Vascularisafion commences but Is soon 
interrupted by the inflammatory response. Necrosis 
sets in early and the graft sloughs off by the sixth 
day. The accelerated allograft rejection is known as 
the second set response, 

Mechuhisin of allograft rejection: the 
immunological basis of graft rejection is evident 
from the specificity of the second set response. 
Accelerated rejection in seen only if the second graft 
is from the same donor as the first. Application of 
a skin graft from another donor will evoke only 
the first set response. 

Table 20.1 Terminology ol gratia 


An allograft will be accepted If the animal is 
rendered immunologically tolerant. It suitable living 
celts (such as splenic cells) from one pure line strain 
of animal arc injected into fetal or neonatal animals 
of another inbred strain, the latter, when they grow 
up, will accept grafts from the former animal. This 
Is due to the induction of specific immunological 
tolerance against the donor tissues as a result of 
contact with them during embryonic life. The 
tolerance can be abolished by injecting lymphocytes 
from a nontolcrant syngeneic animal, or more 
effectively, from a syngeneic animal sensitised 
against the donor tissues by a prior 
allotransplantation. This method of transferring 
immunity by' means of lymphoid cells is known as 
adoptive imnwnisztion- 

Transplantation immunity is predominantly ccU 
mediated. The first set response Is brought about 
almost exclusively by T lymphocytes. Humoral 
antibodies are also produced during allograft 
rejection. They Can be detected by a variety of 
methods including hemagglutination, 
Eymphocytotoxicity, complement fixation and 
immunofluorescence. Antibodies are formed more 
rapidly and abundantly during a second set response 
than during primary rejection. Antibodies are 
believed to participate in the second set response 
along with cell mediated immunity. When a graft 
is applied to an animal possessing the specific 
antibodies in high titres, hyperacute rejection takes 
place. 'The graft remains pale and is rejected within 
hours without even an attempt at vaseularisadon. 


Doner 

Ntm t 

Syr] anymi 

Self 

Autograft 

Autogenous or autoyenic graft. 

Different individual, genetically identical 
with recipient. Identical twin or member of 
same inbred strain 


Isologous Or syngeneic fintfl Of 
syn graft 

Genetically unrelated member of same 
species 

Allograft 

Allogeneic graft- Formerly -railed 
homograft 

Different species 

Xenograft 

Xenogeneic, formerly called 
heterograft 


Copyrighted material 










1?3 


4 


Textbook oi MicroWolofly * 


This is known as the "white graft response'. This 
type of hyperacute rejection is sometimes seen in 
human recipients of kidney transplants, who may 
possess preexisting antibody as a result of prior 
transplantation, transfusion or pregnancy. The 
glomeruli in such cases arc choked by platelet and 
leucocyte agglomerates. Donor specific blood 
transfusions to recipients before kidney transplants 
have been found 10 favour graft survival. This may 
he due to the enhancing effect of antibodies to 
mismatched donor antigens, induced by the 
transfusion. 

Humoral antibodies may sometimes act in 
apposition to cell mediated immunity, by inhibiting 
graft rejection. This phenomenon, called 
immunological enhancement was originally 

described by Kalass in tumour transplants. If the 
recipient is pretreated with one or more injections 
of killed donor tissue and the transplant applied 
subsequently, it survives much longer than in 
control animals. The enhancing effect can fee 
passively transferred to normal animals by an 
injection of serum from immunised animals, 
showing that the effect is due to humoral antibodies. 
The antibodies may bring about the enhancing effect 
in various ways, They may combine with the 
antigens released from the graft so that they arc 
unable to initiate an immune response {afferent 
inhibition). The antibodies may combine with the 
lymphoid cells of appropriate specificity and, by a 
negative feedback influence, render them incapable 
of responding to the antigens of the grift (central 
inhibition). They may also cause "efferent 
inhibition' by coating the surface of cells in the 
graft so that sensitised lymphocytes are kept out of 
contact with them. 

Allograft immunity is a generalised response 
directed against all the antigens of the donor. A 
recipient sensitised by a skin graft will reject by the 
second set response not only another skirt graft but 
also any other organ or tissue graft from the same 
donor. 


Histo!;qmi ( aT iisir.i t r Antic i ens 

Immune response against transplants depends on 
the presence in the grafted tissue of antigens that 
are absent in the recipient and hence recognised 
is, foreign. It follows, therefore, that if the 
recipient possesses ad the antigens present in die 
graft, there will be no immune response, and 
consequently no graft rejection, even when the 
donor and recipient are not syngeneic. Hie first 
generation (Fl) hybrids between two inbred 
strains possess antigens representative of both the 
parent strains and will therefore accept grafts from 
either of the parental strains. If the two parental 
strains have genotypes AA and BB, respectively 
the FI hybrid will be of genotype AB. It can 
therefore accept tissues with genotype A A a? well 
as BB, as it possesses both dleks.Transplantation, 
in the reverse direction {from Fl to parent) will 
not succeed as strain AA will react against antigen 
B and strain BB against antigen A. 

While transplants between members of a 
highly inbred strain of animals are successful, an 
exception is seen when the donor is a male and 
the recipient a female. Such grafts arc rejected as 
the grafted male tissue (XY) will have antigens 
determined by the Y chromosome which will be 
absent in the female (XX) recipient. Grafts from 
the female to the male will succeed- This 
unilateral sex linked hi5toi nco mpadb ility is known 
as the Eichvmld-Silmser effect. 

Antigens, that participate in graft rejection are 
called transplantation or histocompatibility 
antigens,The blood group antigens are important 
in transplantation. The term "major 
histocompatibility system 1 refers to a system of 
cclJ antigens that exert a dedrive influence on 
the fete of allografts. Major histocnmpatibility 
systems have been identified in different species 
- 112 in mice, AgB in rats, B in chickens, HI in 
r abb its and DLA in dogs. The major 
histocompatibility system in human beings is the 
human leucocyte antigen (HLA) system. A 
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description of the HLA system is presented in 
Chapter IS. 

Factors Favouring Allograft 
Survival 

1. Next to ABO blood group compatibility, the most 
important factor in allograft survival is HLA. 
ciimpa fj/jifityiThis is tested by HLA typing and 
tissue matching. HLA typing identifies the 
HLA antigens expressed on the surface of 
leucocytes. 

The standard typing method is the microcyte 
toxicity test. Lymphocyte suspensions are added to 
microwclls of tissue typing trays predispensed with 
a panel of HLA typing sera, each containing 
alloantibodieh to a specific HLA antigen, and 
incubated with complement. CcEs earrying antigens 
corresponding to the HLA antiserum arc killed by 
complement mediated membrane damage. These 
can be detected by the addition of eosin or trypan 
blue which stains only dead cells. The lymphocyte 
is presumed to have- HLA antigens corresponding 
to the specificities of all the antisera that have 
caused cell death, as indicated by the staining. 

Antisera for HLA typing were originally 
obtained from multigravidae, placental fluid and 
from multiple blood transfusion recipients, who 
have antibodies against mismatched paternal or 
donor HLA antigens. These arc now being replaced 
by monoclonal antibodies. 

More discriminating molecular methods have 
been developed for tissue typing. These include 
restriction fragment length polymorphism (RFLP) 
with southern blotting, and polymerase chain 
reaction (PCR) amplification using sequence 
specific primers. 

Once a set of HLA compatible donors is 
available (commonly, siblings of the patient), the 
best donors among them can he chosen by tissue 
matching. This is done by the mixed lymphocyte 
reaction or culture (MLR, MLC). It depends on 
the fact thatT lymphocytes in .culture, when exposed 
to HLA incompatible antigens, will undergo blast 


transformation, the intensity of the reaction being 
a measure of the antigenic disparity between the 
donor and recipient lymphocytes. The test, as 
performed, is a one-way test in which the donor 
lymphocytes are killed and only the recipient 
lymphocytes are permitted to be transformed in 
response to the incompatible antigens on the donor 
cells, 

2, As allograft rejection is an immunological 
process, immunosuppression will inhibit it. This 
can be achieved in experimental animals by 
neonatal thymectomy, chronic lymphatic 
drainage or administration of ALS—;procedures 
that will inhibit cell mediated immunity. 

Clinical transplantation employs 3 toitihi nation 
of immunosuppressive drugs, including steroids, 
azathioprene and the fungal metabolite 
eyelosporin A, which is currently the most 
effective agent, 

3. There appear to be certain privileged sires where 

allografts are permitted to tundvc, safe from 
immunological attack, The fetus can be 
considered an intrauterine allograft ax it contains 
antigens which ate foreign to the mother. The 
reason why the fetus is exempt from rejection is 
not clear, though many explanations have been 
offered. The placenta acts as an immunological 
barrier by generating a hormone which is locally 
immunosuppressive. Major histocompatibility' 
complex (MHC) antigens are present only in 
low density on trophoblastic cells and the cell 
membranes arc relatively resistant to attack by 
T ur K cells. Antigen shedding by the fetus 
blocks the aggressive T cells or antibodies by 
an enhancement effect. An incomplete 
mucopolysaccharide barrier rich in sialic add 
surrounds the trophoblastic cells, protecting 
them fr&m cytotoxic lymphocytes. The high 
concentration of alphafetoprotcin in fetal blood 
also maybe a factor, as it has immunosuppressive 
properties, which may protect the fetus against 

immunological damage from any maternal 
leucocytes entering fetal circulation. 
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Any site that in impenetrable to 
immunocompetent cells (for example,, cartilage) is 
an immunologic ally privileged site. Areas where a 
lymphatic drainage system is absent such as brain* 
hamster cheek pouch or ineffective such as testes 
can accept allografts without rejection. Lack of 
vascularity at the site also prevents graft rejection. 
This is the reason for the success of corneal 
transplants, 

fjKAhT-Vs-iksi s-HosT Reaction 

Graft rejection is due to the reaction of the host to 
the grafted tissue (host-versus-graft response). The 
contrary situation, in which the graft mounts an 
immune response against the antigens of the host, 
is known as the graft-versus-host (GVH) reaction. 
The GVH reaction occurs when the following 
conditions arc present: 

1, The graft contains immunocompetent T Cells. 

2. The recipient possesses transplantation antigens 
that arc absent in the graft- 

3- The recipient must not reject the graft. 
Examples of situations leading to the GVH reaction 
are: 

a. Allograft in a recipient in whom specific 
immunological tolerance has been induced. 

b. Adult lymphocytes injected into an 
immunologic ally deficient recipient. The 
immunological deficiency may be due to 
immaturity (newborn) or immunosuppression. 

q - F 1 hybrid receiving a transplant from any one 
parental strain. 

The major clinical features of the GVH reaction 
in animals arc retardation of growth, emaciation, 
diarrhea, hepatosplcnomegaly, lymphoid atrophy 
and anemia, terminating fatally. The syndrome has 
been called runt disease. 

IMMUNOLOGY OF MALIGNANCY 

When a cell undergoes malignant transformation, it 
acquires new surface antigens. It may also lose some 
normal antigens. This makes a tumour antigcrucally 
different from the normal tissues of the host. A tumour 


can, therefore, be considered an allograft and be 
expected to induce an immune response., 

.Clinical Evidence of Immune 
Response in Malignancy 

Several clinical observations indicate the presence 
of an immune response that prevents* arrests and 
occasionally cures malignancies. 

1. Instances of spontaneous regression of established 
tumours have been reported, especially with 
neuroblastoma and malignant melanoma, On 
the analogy of the role played by the immune 
response in recovery from infections, it is 
believed that recovery from malignancy also may 
represent an immune process, 

2. Dramatic cures sometimes follow chemotherapy 
of choriocarcinoma and Burkitt's lymphoma. 
Even a single dose of cytotoxic drug may, on 
occasion, result in a complete cure. Again, in 
some types of tumours, such as hypernephroma 
with pulmonary metutuer, removal of the 
primary tumour often leads to a regression of 
the metastiasefr. These observations suggest that 
once a large mass of tumour has been removed, 
mopping up operations can be effected by the 
immune process. The immune response appears 
to be effective only when the tumour is below a 
"critical mass". 

3. There 5s a higher prevalence of certain types of 
cancers observed unexpectedly at autopsy, than 
their clinical incidence would suggest. This 
indicates thar the immune system is able to deal 
with malignant cells as they arise and that only 
some of them are able to overcome the defence 
mechanisms and develop into clinical cancer. 

4. Histological evidence of immune response 
against malignancy is provided by the presence 
of lymphocytes, plasma cells and macrophages 
infiltrating tumours. The cellular response 
resembles that seen in the allograft reaction. 
Tumours showing such cellular infiltration have 
a better prognosis than those that do not. 

5. If the immune system plays a natural role in 
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preventing tumour development, 4 high 
incidence of malignancy should be expected in 
immune deficiency states. This is indeed so. An 
increased incidence of cancer, particularly 
lymp ho reticular malignancies, is found in 
congenital immunodeficiency states.,, in AIDS 
and in patients undergoing chronic 
immunosuppressive therapy. 

Tt Mni h: A N-TJGI-: %s 

Tumour antigens are antigens that are present in 
malignant cells but absent in the corresponding 
normal cells of the host. 

Tumour specific antigens arc present on the 
membranes of malignant celts and induce an 
immune response when the tumour is transplanted 
in syngeneic animals. Such tumour specific antigens 
which induce rejection of rumour transplants in 
immunised hosts are termed tumour specific 
transplantation antigens (TSTA) or tumour 
associated transplantation antigens {TATA). 

In chemically induced tumours, the TSTA is 
tumour specific. Different tumours possess different 
TS I’A, even though induced by the same 
carcinogen. In contrast, the TSTA of virus induced 
tumours is virus specific in that all rumours 
produced by one vims will possess the same antigen, 
even if the tumours occur in different animal strains 
of species. 

A second type of antigen is found in some 
tumours. These are the fetal antigens which are 
found :rt embryonic and malignant cells- but nut in 
normal adult cells. The best known examples are 
alpha fetoprotein in hepatomas and the 
carcinoembcyonk antigen found in colonic cancers. 
Their synthesis represents a dedifferentiation of 
malignant cells into more primitive forms. 

The carcinoembryonic antigen is a glycoprotein 
which can be detected in the strum of many patients 
with carcinoma of the colon, particularly in the 
presence of meta&tases. However, it also appears in 
some other conditions such as alcoholic cirrhosis, 
and hence its diagnostic value is limited. 


AJphafe toprotein i.S an aiphaglobuhn secreted, by 
normal embryonic hepatocytes. Its serum level drops 
sharply after birth and is hardly detectable in adults. 
High levels are present in hepatic carcinoma, in 
which condition it is of diagnostic value. Prostate- 
specific antigen (PSA) has been used as a dignosric 
indicator for prostate cancer. 

Im vrr\K Kbsi'onsR j\ Maugnano 

Both humoral and cellular responses can be 
demonstrated in malignancy. Anti-TSTA antibodies 
can be demonstrated by Indirect membrane 
immunofluorescence. Delayed hypersensitivity fo 
tumour antigens can be detected by skin testing with 
tumour cell extracts. Cell mediated immunity can 
be demonstrated by the stimulation of DNA 
gynthesi.il and lymphoidne production by the 
patients leucocytes on exposure to the tumour 
antigens. The lymphocytes from the patients are 
cytotoxic to the Cultured tumour cells. 

Cell mediated immunity is believed to be the ’ 
mechanism of host defence against malignancy. The 
humoral response may not be relevant, or may even 
tie detrimental, due to its facilitating tumour growth 
by the process of enhancement. 

Immunologic At Survkii.i v\l:i- 

The concept of immunological surveillance had its 
beginning in the observations of Ehrlich (1906). 

It was revived by Lewis Thomas in the 1950s and 
developed by Burner. J r postulates that the primary 
function of cell mediated immunity Is to *$eek and 
destroy h malignant cells that arise by somatic 
mutation. Such malignant mutations are believed 
to occur frequently and would develop into tumours 
but for the constant vigilance of the immune system. 
Inefficiency of the surveillance mechanism, either 
as a result of ageing or In congenital or acquired, 
immunodeficiencies, leads to an increased incidence 
of cancer. While this hypothesis is attractive, it may 
perhaps represent an oversimplification of u 
complex situation. 

If immunological surveillance is effective, cancer 
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should not occur. The development of tumours 
represents % lapse in surveillance. The mechanisms 
of such lapses are not clear but several possibilities 
have been suggested. Due to the very fast rate of 
proliferation of malignant cells, they may be aide 
to 'sneak through' before the development of an 
effective immune response and once they reach a 
certain mass may he beyond the power of 
immunological attack, Circulating tumour andgens 
may act as. a 'smokescreen', coating the lymphoid 
cells and preventing them from acting on the 
tumour cells, Tlie rumour antigens on malignant 
cells may be inaccessible to sensitised cells, being 
covered by some intigenicaHy neutral substance. 

Humoral antibodies may cause immunological 
enhancement, -Blocking’ activity has been 
demonstrated in humoral factors. Tins may be due 
to the circulating antigen, antibody or antigen— 

antibody complexes. Some tumours may be of low 
immunogenicUy or may form, cytokines like 
transforming growth factor p fTGF-Pl which 
suppresses cell mediated immunity. 

IMHUNOTUi.iiAry mi- Cam :e* 

Different approaches, have been attempted in the 
immunotherapy ot cancer—passive, active and 
adoptive immunotherapy specific and nonspecific. 

Passive immunotherapy was th e earliest method 
of cancer immunotherapy. Antisera prepared by 
immunising animals, with tumour biopsy specimens 
were used for the treatment of human cancer as 
early as in 1895. This method was found to be of 
no use and therefore abandoned. A special type of 
serotherapy has recently been found beneficial in 
experimental tumours. Appropriate antisera that 
possess -deblocking' activity iil vitro have been found 
IO Cause regression of tumours, apparently bv 
neutralising the circulating tumour antigens and 
permitting the sensitised lymphocytes to act on 
tumour cells. Monoclonal antibodies to tumour 
antigens may play a role ns carriers in transporting 
cytotoxic of radioactive drugs specifically to the 
tumour cells. 


Specific active immunotherapy by the injection 
of tumour cell Vaccines' was tried early in last 
century but was given up as unprofitable. The 
method has been modified recently hv using purified 
tumour cell membrane antigens and tumour cells 
treated with neuraminidase to increase their 
immunogenic potential. 

Nonspecific active immunotherapy employs 
BCG and nonliving CotynchsiLtetmm parvum. 
Mat he, the leading proponent of cancer 
immunotherapy, has reported very good results in 
acute leukemia, following combined treatment with 
BCG and allogeneic or autochthonous leukemia 
blast cells. Intralesional BCG In malignant 
melanoma has been reported to induce complete 
remission in a high percentage of patients- It has 
also been used against intradermal recurrence of 
breast cancer following mastectomy. 
Dinitrochlorobenxene has been tried in the 
treatment oi squamous and basal cell carcinoma of 
the skin. Cluean, a pyran copolymer derived from 
microorganisms, and Je vans is ole, originally 
introduced as an anthelmintic, have been tried for 
stimulating cell mediated immunity and 
macrophage functions;. Interferons have been 
employed in the treatment of leukemi as. 

Specific adoptive immunotherapy lias been 
attempted with lymphocytes, transfer factor and 
"immune RNA'.The donors have been persons who 
have been cured of their neoplasms or specifically 
immunised against the patient's tumour. 
Lymphokine activated killer (LAK) cells obtained 
by treatment of the natural killer cells with 
interleukin-2 haw been found useful in the treatment 
of certain malignancies, such as renal carcinomas. 

Immunotherapy ig ineffective in the presence 
of a large mass of tumour ocUs. Its role appears to 
be more in getting nd of the residual malignant 
cells after the gross tumour has been removed. The 
best results in the treatment of cancer apparently 
follow an integrated approach to therapy, employing 
surgery, radiotherapy, chemotherapy and 
immunotherapy. 
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Blood lias held a mysterious fascination for us from 
the dawn of time. It was considered the essence of 
Life and was believed to cure diverse diseases and 
restore youth and vitality to the aged, Blood 
transfusion has bee n attempted from very early dines 
but such attempts were fruitless and often fraught 
with disastrous consequences. Blood transfusion 
became scientifically feasible only after the discovery 
of blood groups by Landsteiner, 

In his original experiment Landsteiner (1900) 
cross tested serum from himself and five of his 
colleagues against their red blood cells. Three 
distinct patterns of agglutination were observed. 
Celts which foiled to agglutinate with any of the 
serum samples were designated group O, while cells 
agglutinating in the two different patterns were 
called groups A and B, respectively. The fourth 
group AB was described later bv his pupils von 
Decastallo and SturEi (1902). In 1930* Landsteiner 
WAS awarded the Nobel Prize for his discovery of 
human blood groups. 

The ABO system is the most important of all 
the blood group systems and its discovery made 
blood transfusion possible. No other blood group 
antigens were discovered for the next 25 years. Using 
rabbit antisera to different samples of human red 
cells, Landsteiner and Levine Cl 926) discovered the 
MN and P antigens. Landsteiner and Wiener (1940) 
raised rabbit and gui nea pig antisera, against Rhesus 
monkey erythrocytes and tested them against human 
red cells. This led to the discovery of the 'Rhesus 
{Rh) factor", Many more blood group antigens have 
been identified subsequently, mostly by studying 
antibodies in patients who had received multiple 


blood transfusions or mothers of infants with 
hemolytic disease. The main blood group systems 
with the dates of their discovery are shown below. 


ABO 

1900 

Duffy 

1950 

MN 

1926 

Kidd 

1951 

P 

1926 

Diego 

1955 

Rh 

194Q 

Yt 

1956 

Lutheran 

1945 

% 

1962 

Lewis 

1946 

Domfrreek 

1965 

Kell 

1946 

Colton 

1967 


Some antigens have been identified that occur 
very rarely, being limited to certain individuals or 
families. These have been termed 'private antigens". 

ABO BLOOD G BOUP SYSTEM 

The ABO system contains four blood .groups and 
Is determined by the presence or absence of two 
distinct antigens, A and B, on the surface of 
erythrocytes. Red cells of group A carry antigen A, 
cells of group B antigen B and cels, of group AB 
have both A and B antigens* while group G cells 
have neither A nor B antigen. The four groups are 
also distinguished by the presence or absence of 
two distinct isoantibodies in the swum. The serum 
contains the isoantibodlea specific for the antigen 
that is absent on the red cell The serum of a group 
A individual has anti-B antibody, group B has anti- 
A and group O both anti -A and anti-B, while in 
group AB both anti-A and artti-B are absent (Table 
21 . 1 ). 

Group A is subdivided into A1 and A2. 
Antiserum of group A agglutinates group Al cells 
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powerfully but A2 tells only weakly. About EtO per 
cent of group A blood is Al and 20 per cent A2. 
The subgroups of A antigen axe represented ingroup 
AR also. The recognition of group A subgroups 
increases the number of ABO phenotypes from four 
to six: Alj A2, B, A2B, AIR and O. Other A 

subgroups [A3;, A 4, A5) have also been described 
but they are not clinically relevant- 

Blood group antigens are inherited according 
to simple Mendelian lawn. Their synthesis is 
•determined by allelomorphic genes A, B and O. 
Genes A and B give rise to the corresponding 
antigens, but O is an amorph and does not produce 
any antigen. The frequency of ABO distribution 
•differs in different peoples, Group 0 is the most 
common group and AE the rarest. The ARO 
distribution in Britain is approximately (h-47 per 
cent, A - 42 per cent, R — B per cent and AH — 3 
per cent. In India, the distribution is approxl rrmtdy 
{H40 per cent, A - 22 per cent, B - 33 per cent and 
AB — 5 per cent. 

Anri-A and anti-B isoantibodies appear in the 
serum of infants by about the age of sis months 
and persist thereafter. These are called ^natural' 
.antibodies because they seem to arise under genetic 
control without any apparent antigenic stimulation. 
However, it is Likely that they develop as a result of 
unidentified environmental Stimuli with the blood 
group-like antigens present in bacteria or other 
sources. Natural anti-A and anti-B antibodies are 
IgM saline agglutinating antibodies reacting 
optimally between 4 °C and IS ^ but less active at 
37‘•’C, Immune isoantibodlcs may develop following 


commonly they result from the injection of 
substances containing blood group-likc antigens, 
such as horse serum or bacterial vaccines made 
from media containing horse or hog extracts. 
Immune iso antibodies arc 'albumin agglutinating' 
IgG antibodies reacting optimally at 37 ^ and 
acting as hemolysins in the presence of complement- 
They arc clinically more important than natural 
IgM antibodies and may cause more severe 
transfusion reactions. 

H antigen: Red cells of all ABO groups possess 
a common antigen, the H antigen or H substance 
which is a precunior for the formation of A and R 
antigens. The amount of the H antigen is related 
to the ABO group of the cell* group O cells having 
the most and AB the least amount. Due In its 
universal distribution, the H antigen is not 
ordinarily important in grouping or blood 
transfusion. Bhcnde et a] (1952) from Bombay 
reported the very rare instance m which A and B 
antigens as well as the H antigens are absent from 
red cells. This is known as 'Bombay’ or OH blood. 
Such individuals have anti-A, anti-B and anti-H 
antibodies and their sera are incompatible with all 
red cells except of those wish the same rare blood 
group. 

A, B and H antigens are glycoproteins. They 
are not confined to erythrocytes but can be detected 
in almost all tissues and fluids of the body. While 
these antigens are always present in tissues, they 
are found in secretions (saliva, gastric juice, sweat) 
of only about 75 per cent of all persons. Such 
persons arc called 'sccretorc' and those who lack 


ABO incompatible pregnancy or transfusion. More blood group antigens in secretions arc called 

Table 2i.i Distribution of ABO antigens and antibodies In red cells and serum 



Red cells 

Serum 

Group 

Antigen present 

Agglutinated by 

jcrum of group 

Antibody present 

Agglutinates cells 
of group 

A 

A 

B, 0 

anti-B 

B, AB 

B 

B 

A, 0 

anti-A 

A, AB 

AB 

A ill J B 

A,B,0 

None 

None 

0 

None_ 

None 

Anti-A and arm-R 

A, B, AB 
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rionsccretors*, The secretion of ARH antigens is 
controlled by two allelic genes Sc and sc. Individuals 
who arc homozygous or heterozygous for Sc ate 
sccrctors, while those who arc se-se are 
nnnuectetors. 

A and B antigens are also found in certain 
animals and plants. They have been extracted and 
purified m an mo rtally from the stomach of horses 
and hogs, Blood group antibodies are also found in 
tome itiimils. Substances specifically ngglurmaring 
A or B antigens have been detected in some plants. 
A potent anti-A 1 agglutinin ban been extracted from 
Dolirhijs hiflnrux am! anti-H from l/fe.x eunjpeus. 
Blood group agglutinins ol plant origin are known 
as "lectins'* 

RH BLOOD GROUP SYSTEM 

Levine and Stetson (1939) demonstrated a new type 
uf antibody in the sefunl of a woman who developed 
severe reactions following transfusion of her 
husband's ABO compatible blood. She had recently 
delivered, a stillborn infant with hemolytic disease. 
They suggested that the woman may have been 
sensitised by sortie antigen inherited by the Ictus 
from its father, Landsteincr and Wiener f 1 
identifier] in the red Lelk ol the majority of persons 
tested, an aritigen tbar reacted with rabbit antiserum 
to Rhesus monkey erythrocytes, 'This antigen was 
called the ‘Rhesus' or Rh lactor. The Ttew type’ of 
antibody described by Levine and Stetson was 
identified as the anti-Rh factor antibody. Wiener 
and Peters (1940) demonstrated-anti-Rh antibody 
in some persons who had received ABO compatible 
transfusion. Levine and colleagues (1941) proved 
that Rh sensitisation was the cause of hemolytic 
diseasc of the newborn. 

The Rh system is complex and its study is 
complicated by the existence of rwo different 
theories and nomenclatures for the genes and 
antigens. Wiener proposed that Rh antigens are 
determined by anyone of several allclk genes which 
may appear at a single locus and govern the 
production of [he appropriate agglutinogen on the 


surface of erythrocytes. Each agglutinogen is- in turn 
made up of one or more antigens- Fisher, on the 
other hand, postulated that Rh antigens are 
determined by three pairs of closely linked 
allelomorphic genes, Cc T L>d and Ee. Every 
individual possesses one member of each pair of 
these genes- derived from each parent. Each gene 
would he responsible for the production of a specific 
antigen, wliich Could lie detected by its Specific 
antihody. 

The designations employed by the rwa systems 
for rise different Rh types are as follows: 



Fisher 

Wiener 

Rh positive 

CDe 

Rhl 


cDE 

Rh2 


lDc 

Rho 


CDE 

Rhz 

Rh negarive 

Cde 

rh/ 


cdlE 

rh// 


cde 

rh 


CdE 

thy 


For routine purposes, the typing of persons as 
Rh positive or negative depends on the presence or 
absence ot antigen D (kilo) on red cells and hence 
can he accomplished hy testing with anti D (anti■ 
Rh) serum, This is because D is the most powerful 
Rh antigen and accounts for the vast majority of 
Rh incompatibility reactions, 'IThe distribution of 
Rh positives differs- in different races. Among people 
of European descent, about 85 per cent are Rh 
positive and 15 per cent negative. Among Indians, 
approximately 93 per cent are Rh positive and 7 
per cent negative. 

A variant of ll is known as Du. Red celEs of Du 
subtype react with some but not all anti-D sera. 
Though Du cells may nor be agglutinated by anti- 
D sens, they absorb the antibody on their surface. 
The Du subtype can therefore be detected by 
reacting red cell with anti-D serum anti then doing 
a direct Coombs test- For the purpose of blood 
donation, Du cells arc considered Rh positive. But 
when a Du individual requires transfusion, it Is 
advisable to use Rh negative blood because he is 
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capable of being immunised by standard Rh positive 
blood. 

There are no natural anti-Rb antibodies in the 
scrum. They arise only as a result of Rh 
incompatible pregnanev or transfusion. 

OTHER BLOOD GROUP SYSTEMS 

"L'hc Lewis blood group system consists of two 
antigens Lc 1 and Le*, Ir differs from other blood 
group systems in that the antigens are present 
primarily in the plasma and saliva, tied celts acquire 
the antigen by adsorbing them from plasma, The 
Lewis phenotypes are closely related ro the ABO 
group and to the secretor status of an individual. 
Naturally occurring lewis antibodies arc frequently 
found in the sera of persons lacking the 
corresponding antigen. 

In the MX system, using rabbit antisera, persons 
were originally classified into three groups—M, 
N and MN. An antigen, Sv was later added to this 
system.This system has expanded to include at least 
28 antigens. 

Blood group systems cither than ABC. 1 ) and Rh 
are of little clinical importance as they do not usually 
cause transfusion reactions or hemolytic disease. 
They have applications in genetics. anthropology, 
tissue typing and torensic medicine. As blood group 
antigens are inherited from the parents, thev are 
often useful in settling cases of disputed paternity; 

MEDICAL APPLICATIONS OF BLOOD GROUPS 

Bl<joo Transfusion 

The existence of several different blood group 
antigens makes it almost impossible to obtain 

perfectly marched blood for transfusion. But in 
routine transfusion practice, only the ABO arid Rh 
antigens are relevant. The other antigens are too 
weak to he of importance. Safety ill blood 
transfusion requires that the following conditions 
be satisfied in choosing a donor. 

1. The recipient's plasma should not contain any 
antibody that will damage the donor's 
erythrocytes. 


2. The donor plasma should not have any antibody 
that will damage the recipient's red cells. 

.1. The donor red cells should nut have any antigen 
that is lacking in the recipient. If the transfused 
Cells possess a "foreign antigen 1 , it will stimulate 
an immune response in the recipient. 

Ideally, the donor and recipient should belong 
to the same ABO group. It used to be held rhat O 
group cells could be transfused ro recipients of any 
group as they possessed neither A nor B antigen. 
Hence the O group was designated as the 'universal 
donor'. The anti-A and anfbR antibodies in the 
transfused O blood group do not ordinarily cause 
any damage to the red cells of the A or B group 
recipients because they will be ten tiered ineffective 
by dilution in the recipients plasma. But some O 
group plasma may contain isoantibodles in high 
riirea (L200 or above) so rhat damage to recipient 
cells may result. This is known as the 'dangerous 
O group 1 . The anti-A antibody in die O group blood 
is generally more potent than the anti*B antibody. 
Hence the O blood group is more likely to cause 
an adverse reaction when given to the A group 
recipients than to those of the EJ group. While the 
O group blood with low titre antibodies may be 
transfused to a patient of any other group in dire 
emergency, this practice should never be employed 
ast a routine. Transfusion of large quantities of the 
O group blood to persons of any other group may 
cause adverse reactions. 

Due to the absence of isoantibodics in plasma, 
the AR group persons were designated universal 
recipients'. AB group donors may not always be 
available due to their rarity and it may, on occasion, 
be necessary to use donors of other groups. In Such 
cases, group A blood is safer than group E, because 
the anfi*A antibody is usually more potent than 
the anti-B antibody. 

Rh compatibility is important only when the 
recipient is Rh negative. An Rh positive person 
may safely receive cither Rh positive or negative 
blood. Rut an Rh negative individual receiving Rh 
positive blood may form antibodies against the Rh 
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antigen, A subsequent tramdusinn with Rh positive 
blood may then cause an adverse reaction. An 
additional risk in women is- Rh sensitisation leading 
to hemolytic disease of the newborn, Therefore it 
is particularly important that Rh negative women 
who arc not past childbearing age receive only Rh 
negative blood. 

Besides ABO grouping and Rh typing of the 
donor and recipient, it is invariably necessary hefitre 
transfusion to perform a 'cross matching' to ensure 
that the donor's blood is compatible with the 
recipient' blood. 1 he routine procedure used ul 
most blood banks is a rapid cross match by the tile 
or slide method. This is done in two part? - the 
major cross match where the donor red cells ate 
tested against the recipients serum, and the minor 
cross match where the recipient’s cells are rested 
against the donor scrum. One drop of a 5^6 
suspension of donor red cells in saline ls added to a 
drop of the recipients scrum on a porcelain tile or 
a glass slide, mixed and observed, for agglutination. 
Though in most cases agglutination occurs early, 
it may sometimes be delayed. The result is to be 
read, microscopically and under low power 
microscope, after incubation in a moist chamber 
for 10—15 minutes at room temperature In the 
minor cross match, the same is repeated using 
recipient cells and donor serum. Orly the major 

cross match is done ordinarily. 

The saline slide test does not detect Rh and 
other minor incompatibilities. The most 
discriminating method is- the Coombs cross match 
where washed donor cells and recipient serum are 
incubated in a water bath at 37 *C for two hours 
and a direct Coombs test done. This detects all 
incompatibilities^ including incomplete antibodies. 

Following an incompatible blood transfusion, 
the red cells may undergo clumping and 
intravascular hemolysis or they may he coated by 
antibodies, engulfed by phagocytes., removed from 
circulation and subjected to extra vascular lysis. 
Incompatible transfusion maybe accompanied by 
symptoms such as shivering* tingling sensation. 


excruciating headache, constricting pre cordial 
discomfort and severe lumbar pain. Hypotension, 
cold clammy skin, cyanosis, feeble pulse and other 
sign? of collapse may he seen. Jaundice, hematuria, 
oliguria and anuria may follow. 

Some transfusion reactions may be due to 
immunological processes other than blood group 
incompatibility. Rigor, urticaria and other 
manifestations often occur due to the recipient being 
hypersensitive to some alleigen present in the donor 
blood. Serious reactions follow when hemolyaed 
or contaminated blood is transfused. 

Whenever any reaction occurs, the transfusion 
should he stopped immediately- The remainder of 
tlifi donor blood should be SCOT to the blond bank 
for investigation, 

The most common complications following 
blood transfusion are of infectious origin. 
Transfusion of blood contaminated by bacteria may 
lead to endotoxic shock or septicemia. Gross 
contamination can be recognised in most cases by 
inspection of the blood before transfusion, as 
hemolysis is usually apparent. Such contamination 
can be eliminated by proper technique*, of blood 
collection and •storage. 

The most important infections transmitted at 
present by blood transfusion are die HIV and 
hepatitis viruses- Several cases of transfusion* 
induced AIDS have occurred before HIV screening 
of donors became mandatory. However, screening 
may not detect HIV infected donors during the 
window period when they are infectious. Hepatitis 
B, C, D and possibly others can be transmitted by 
transfusion. Screening for the hepatitis B surface 
antigen can exclude most HBV carrier* but the 
available serological tests against other hepatitis 
viruses, arc not quite satisfactory. 

Despite diligent screening, there exists ;l small 
risk (about I in 300,000} risk of transfusion 
associated HIV, HBV and HCV infection*. The 
variant CJD prion is another risk in endemic areas 
like the UK where it is mandatory tn screen donors 
for the prion and to remove leucocyte* from blood 
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before transfusion, as a. precautionary measure. 

Cytomegalovirus transmitted bv transfusion may 
■cause an infectious mononucleosis-like syndrome. 
Syphilis may be transmitted by transfusion of fresh 
blood from an infectious donor but not if the blood 
has been Stored for three days or more before 
transfusion, Malaria is another disease transmissible 
by transfusion. 

Wllole blood transfusion is being replaced 
increasingly by blood component therapy, which 
causes fewer complications and results in more 
optimal utilisation of human blood which is a scarce 
commodity. For example, in. anemia, packed red cell 
transfusion is more beneficial than whole blood as 
it provides greater oxygen carrying capacity with 
less circulatory overload and minimal clecrrolyte 
disturbance. Frozen red Celts are available for 
transfusion in patients with rare blood groups. 
Similarly, leucocyte and platelet concentrates arc 
available for specific needs. Plasma crynprecipi rates 
and Factor V1J.1 are routinely used in treating 
hemophilia. Other coagulation factors arc also 
available for different coagulation disorders. Such 
plasma products arc manufactured from pooled 
human blood and may transmit HI V, hepatitis type 
B or C vims and other infectious agents unless great 
care is taken in the selection of donors and in 
manufacturing processes, An illustration of the 
enormity of the risk was the tragedy in France in 
the mid-1960s, when tainted blood caused IflV 
infection in over 4000 persons, of whom hundreds 
died of AIDS in the next few years. Charges of 
criminal negligence were framed against the persons 
considered responsible, From the Prime Minister 
downwards. Though the Prime Minister was 
acquitted, the Health Minister, the Head of the 
National Blood Transfusion Service and many other 
top officials were convicted- 

Aknost all adverse reactions of transfusion can 
be eliminated by autologous blood transfusion 
which is rapidly becoming popular. Here, blood is 
collected from rhe individual himself and stored 
for use during elective surgery. Blood collection 


may be started a month before the expected date of 
transfusion. Autologous transfusion eliminates not 
only infectious complications but also those due to 
minor blood group incompatibilities and 
hypersensitivity, 

Hbmulytic DIsKAKR op the 
Newborn 

When an Rh negative woman carries an Rh positive 
fetus, she may he sensitized against the Rh antigen 
bp the passage oi tetal red cell* into the maternal 
circulation. Minor transplacental leaks may occur 
any time during pregnancy but it is during delivery 
that fetal cells enter the maternal circulation in large 
numbers. The mother is usually sensitized only at 
the first delivery and, consequently, the first child 
escapes damage (except where the woman has been 
sensitised already by prior Rh incompatible 
transfusion). During a subsequent pregnancy, Rh 
antibodies of the IgG class, pass from the mother 
to the fetus and damage its erythrocytes. This is 
the pathogenesis of the hemolytic disease of the 
newborn. The clinical features may vary from a mere 
accentuation of the physiological jaundice in the 
newborn to erythroblastosis fetalis or intrauterine 
dearh due it) hydrops fetalis. 

Hemolytic disease docs not affect all the 
offspring of Rh incompatible marriages. Its 
incidence is much less than the expected figures. 
The following factors influence the incidence of 
hemolytic disease due to Rh Incompatibility: 
Immunulo^tenl unre&pon&i veriest to the 
Rli antigen: Not every Rh negative individual 
forms Rh antibodies following antigenic 
stimulation. Some fail to do so even after repeated 
injection of Rh positive cells. They are called 
noniERponders. The reason for this immunological 
unrcsponsivcnesK is not known. 

Fetomaternal A HO incompatibility! Rh 
immunisation is more likely to result when the 
mother and fetus possess the same ABO group. 
When Rh and ABO incompatibility coexist, Rh 
sensitisation in the mother ls rare. In this situation 
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the fetal cells entering the maternal circulation are 
believed to be destroyed rapidly by the ABO 
antibodies before they can induce Rh antibodies. 
Number of pregnancies: The first child 
usually escapes disease because sensitisation occurs 
only during its delivery. The risk to the infant 
increases with each successive pregnancy. 
Zygosity of the father: An individual may 
be homozygous or heterozygous with respect 
to D antigen. When the lather is hniftn&ygous 
all his children will be Rh positive. When he 
is heterozygous, half his children will be Rh 
pontEre. 

DttTBCTloN op Rh Antikooikk 

Most Rh antibodies are of the IgG class, and being 
'incomplete antibodies’,, they do not agglutinate Rh 
positive cells in saline. A minority are complete 
(saline agglutinating) antibodies of the IgM class. 
These are not relevant in the pathogenesis of 
hemolytic disease as they do not traverse the 
placenta. 

IgG anti-D antibodies may be detected by the 
following techniques: {I) using a colloid medium 
such as 20 pet cent bovine serum albumin \ (2) using 
red cells treated with c nay mes such as trypsin, 
pepsin, ficin or hromehn; and (3) by the indirect 
Coombs test, The last is the most sensitive method, 

Identification of Rh 
Incompatibility 

Rh typing should form a part of routine antenatal 
examination. When the woman is Rh negative, and 
her husband Rb positive, fetal complications should 
be expected. Women with Rh incompatible 
pregnancies should be screened for Rh antibodies 
by the indirect Coombs test at 32^34 weeks of 
pregnancy and at monthly intervals thereafter. The 
appearance of Rb antibodies during pregnancy or 
their increase in title, if they were present already, 
would prove that the fetus is Rh positive. If 
amniocentesis is indicated, demonstration of Rh 
antigen in the amniotic fluid would also prove that 


the fetus is Rh positive. In the ease of hemolytic 
disease of the netvbom, the maternal serum will 
show Rh antibodies in the indirect Coombs test 
and the infants red cells will give a positive in the 
direct Coombs test 

When hemolytic disease is diagnosed 
antepartum, an intrauterine transfusion with Rh 
negative blood may be indicated. Red cells 
introduced into the fetal peritoneal cavity 7 will find 
their way into the circulation and will survive 
normally. Premature delivery followed by 
transfusion may be necessary in some cases. When 
a baby is horn with hemolytic disease, exchange 
transfusion with Rb negative ABO compatible 
blood is the treatment ut choice. 


Prevention of Rh Isoimmunisation 
Remarkable success has been achieved in the 
prevention of Rh isoimmunization by the 
administration of anti-Rb IgG an tibody at the time 
when the antigenic stimulation is expected to take 
place. The passively administered antibody may 
prevent isoammunisation by a negative feedback 
mechanism or by afferent inhibition. The 
recommended practice is to inject 100-300 Jig of 
Rh immune IgG to an Rh negative woman 
immediately after delivery. To be effective, this 
should be employed front the first delivery onwards. 
The Rh immune globulin for the purpose is 
prepared from human volunteers. 


ABO Hemolytic Disease 

Matemofetal ABO Incompatibili ty is very common 
and in a proportion of these, hemolytic disease 
occurs in the newborn. In. persons of Mood group 
A or B, natural antibodies arc IgM in nature and 
so do not cross the placenta to barm the fetus. 
However, in persons of blood group O, the 
isoantibodics arc predominantly IgG in nature. 
Hence ARQ hemolytic disease is seen largely in G 
group mothers, bearing A or B group fetus.'As 
ARO hemolytic disease is due to naturally occurring 
maternal isoantibodics, it may occur even in the 
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firstborn, without prior immunisation. ABO 
hemolytic disease is much milder than Kh disease, 
probably because erythrocytes of the newborn have 
fewer A or B antigenic sites as compared to adult 
■erythrocytes. The direct Coombs test is therefore 
often negative in this condition, while the indirect 
Coombs tent (neonatal scram with type-specific 
adult erythrocytes) 15 more commonly positive. 
Peripheral blood smear characteristic ally shows 
spherocytosis. 

Bi. mm (ikons' am> Disk asks 

It has been shown that some diseases may influence 
blood group antigens. Blood group antigens have 
been reported to become weak in leukemia. The 
resffin for this is nor known. The acquisition of H 
antigens by Group A persons has been observed 
following some infections. The antigen is believed 


to come from the infecting microorganism. 

Red cell suspensions contaminated with certain 
bacteria, such as Pseudomonas *ervgTHow, 
become agglutillable by all blood group sera and 
even by normal human sera. This phenomenon, 
known as the Thomscn-Fmdcnreich phenomenon, 
is due to the unmasking of a hidden antigen normally' 
present on all human erythrocytes, This is called 
the T antigen. Anti-T agglutinins are normally 
present in human sera. Such panaggliutinabilLty of 
red cells has occasionally been observed in persons 
suffering from systemic bacterial infections. 

Several investigators have attempted to correlate 
blood group and susceptibility to certain diseases. 
It has Keen shown that duodenal ulcer is more 
frequent in persons of blood group O than in others. 
An association has also been established between 
group A and cancer of the stomach. 


Further Hvuding 
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Staphylococcus 


Staphylococci arc Gram positive cocci that occur 
in grape-like dusters. They are ubiquitous and form 
the most common cause of localised suppurative 
lesions in human beings. Their ability to develop 
resistance to pen Lei I Lin and other antibiotics 
enhances their importance as a human pathogen, 
especially in the hospital environment. 

Staphylococci were first observed in human 
pyogenic lesions by von Recklinghausen in 1871. 
Pasteur (1880] obtained liquid cultures o! the cocci 
from pus and produced abscesses by inoculating 
them into rabbits. It was Sir Alexander Ggstort, a 
Scottish surgeon, who established conclusively the 
causative role of the coccus in abscesses and other 
suppurative lesions (1880). He adso gave it the name 
Staphylococcus (Staphyle, in Greek, meaning 
"bunch of grapes': kokkos, meaning a berry) due to 
the typical occurrence of the cocci in grape-like 
duster; in pus and in cultures. OgSEOrt noticed that 
nonvindent staphylococci were also often present 
on skin surfaces. 

Most staphylococcal strains from pyogenic 
lesions were found to produce golden yellow 
colonies, and the strains from normal skin, white 
colonics on solid media. Roscnbach (1884) named 
them Staph, aureus and Staph, alb us respectively 
Passet (1835) described a third variety, Staph, 
dtrew,producing lemon yellow colonies, However, 
the association between virulence and pigment 
production was not found to be constant. 

Many other properties were proposed as 
indicators of virulence. These included hemolysis, 
gelatin liquefaction, lipolytic activity' production of 
urease, phosphatase and others-, but none of these 
was found reliable. The most constant association 


was between virulence and production of the enzyme 
coagulase, and to a lesser extent fermentation of 
mannitol. Staphylococci were therefore classified 
into two groups: Staph, aureus (formerly also called 
Sraph pyogenes) containing strants giving a positive 
coagulase test, fermenting mannitol and usually 
being pathogenic, aid Staph, cpidcrraidu {formerly 
also called Staph, a/bus) containing coagulase 
negative, mannitol non fermenting and usually 
nempathogenk strains. Tlie gen us Snphytococcm 
is now classified Into 32 species and 15 subspecies 
based on the chemical composition of their cell 
wall components and other properties. Besides 
Staph, aureus, two coagulase negative species — 
Staph, cpidcrmldis. Staph, fucmo^yftcut and Staph, 
sitprophyricus - can also cause human disease. Some 
other coagulase negative species such as Staph, 
hominis and Staph, capitus are part of the 
commensal flura of the human skin. Other species 
are parasitic on animals. 

STAPHYLOCOCCUS AUREUS 

Morphology: They are spherical cocci, 
approximately 1 JJm in diameter, arranged 
characteristically in grape-like clusters (Fig. 22.1). 
Cluster formation is due to cell division occurring 
in three planes, with daughter cells tending to 
remain in close proximity. They may also be found 
singly in pairs and in short chains of three or four 
cells, especially when examined from liquid culture. 
Long chains never occur. They are nonmofjle and 
nonsporitlg. A few strains possess microscopically 
visible capsules, particularly in young cultures, 
Many apparently noncapsulated strains have small 
amounts of capsular material on the surface- They 
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stain readily with aniline dyes ant] are uniformly 
Grim positive, Under the Influence of penicillin 
and certain chemicals., they may change to L forms. 
Gulrural chaructm i^tic^: They grow readily 
on ordinary media within a temperature range of 

1 O-'TZ P C, the optimum being 37 U C und pH 7.4- 
7.6, They tire aerobes tind facultative anaerobes. 

On nutrient agar, after incubation tor 24 hours, 
the colonies arc large {2-4 mm diameter), circular, 
convent, smooth, shiny, opaque and easily 
cmulsitjablc. Most strains produce golden yellow 
pigment, though some may be white, orange nr 
yellow. The pigment does not diffuse into the 
medium. Pigment production occurs optimally at 
22 and only in aerobic cultures. Pigment 
production ls enhanced when 1% glycerol 
monoacetate or milk IS incorporated ITt the medium, 
The pigment is hefieved to he a lipoprotein allied 
to carotene. 

On nutrient agar slope, the confluent growth 
presents a characteristic 'oiJ-pairtt' appearance. The 
colonies on blond agar arc similar to those on 
nutrient agar. Most strains are hemolytic, especially 
when incubated under 20-25% carbon dioxide. 
Hemolysis is marked on rabbit or sheep blood and 
weak on Horse blood agar. 

They grow on Mac Con key's medium, 
producing smaller colonies that art 1 pink due Co 
lactose fermentation. 

In liquid media, uniform turbidity is produced. 
Several selective media have been devised for 
isolating Staph, aureus from specimens such as feces 
containing Other bacteria. 1 hese include media 
containing 8--10 per cent Nad (salt-milk agar, salt 
broth), lithium chloride and tellurite (Ludlam's 
medium), and polymyxin. For primary isolation, 
sheep blood agar is recommended, Human blood 
should not be used as ir may contain antibodies or 
other inhibitors. 

Bine heinitnll reuci in up: They ferment a 
number of sugars, producing acid but no gas. Sugar 
forme Marion is t>f no diagnostic value except for 
mannitol, which is usually fermecited by Staph, 



Fig. 22.1 Staphylococcus in a smear of pus 

aitrmi but not by other species. They are catalase 
positive (unlike streptococci) and usuatly hydrolyse 
urea, reduce nitrates to nitrites,, liquefy gelatin and 
are MR and VP positive but indole negative. Most 
strains arc lipolytic and when grown on media 
containing egg yolk, produce a dense opacity. 
Production of phosphatase can he demonstrated by 
culturing on nutrient agar containing 
pbenolphth.ilein diphosphate. When such a culture 
is exposed to ammonia vapour, colonies assume a 
bright pink colour due to the presence of free 
phenolphthakin. This is :t useful screening 
procedure for differentiating Staph, aureus from 
Staph- tpldfrmirfji in mixed cultures, as the former 
gives prompt phosphatase reaction, while the latter 
is usually negative or only Weakly positive, 

Staph, aureus strains usually exhibit the following 
characteristics: (1) coagulasc positive; (2) greater 
biochemical activity, ferment mannitc; (3) produce 
clear hemolysis on blood agar; (4) produce a 
golden yellow pigment; (?) liquefy gelatin; 
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(6) produce phosphatase ; (7) in a medium 
containing potassium tellurite, reduce tellurite to 
form black colonics; and (8) produce thermostable 
nucleases which can be demonstrated by the ability 
of boiled cultures to degrade DMA in an agar 
diffusion rest: 

Reshtunue; Staphylococci are among the more 
resistant of nansporing bacteria. Dried on threads, 
they retain the ir^ viability for 3-6 months. They 
have been isolated from dried pus after 2-3 months. 
They may withstand 60 L ‘C lot 10 mimiteS. Their 
thermPil death point is 62 ■’C tor 30 minutes. Some 
staphylococci require SO °C for one hour to be 
killed. Heal resistant strains have the ability to 
grow at a higher temperature, even at 45 C. Most 
strains grow in the prese nce of 10% NaCt and some 
even in 15% NaCL These features arc of 
significance in food preservation. 

They resist 1% phenol for 15 minutes. Mercury 
perchloride 1% solution kills them in 10 minutes. 
Many aniline dyes are strongly bactericidal, crystal 
violet being lethal at a concentration of one in lire 
hundred thousand and brilliant green, one in ten 
million. 

Fatty acids inhibit the growth of staphylococci, 
the highly unsaturated acids having a more 
powerful action on. cnagulasc positive than on 
coagulasc negative strains. Staphylococci arc 
uniformly resistant to lysottyme but some 
micrococci arc sensitive to it. Staphylococci are 

generally sensitive ro lysoRtaphin—a mixture of 
enzyme# produced by a particular strain of Staph, 
cpidcrmidis. 

Staphylococci were uniformly sensitive to 
penicillin originally though occasional strains from 
the preantihiotic era have been found retrospectively 
to be capable of producing penicillinase. Soon after 
penicillin came to be used clinic ally, resistant strains 
began to emerge, flrsl in hospitals and then in the 
community at large. 

Penkilim resistance is three types 
1. production oi beta lactamase (penicillinase) 

which inactivates penicillin by splitting the beta 


lactam ring. Staphylococci produce four types 
of penicillinases, A to D. 1 Jospital strains usually 
form type A penicillinase, Penicillinase is an 
inducible enzyme and its production is usually 
controlled by plasmids which are transmitted 
by transduction or conjugation. The same 
plasmid may cany genes for resistance to a range 
of other antibiotics and heavy metals, 

2- Changes in bacterial surface receptors, reducing 
binding nf beta-lactam antibiotics to cells. This 
change is normally chromosomal in nature and 
is expressed more at 30 U C than at 37 "C. This 
resistance also extends to cover beta lactamase 
resistant penicillins such as methiciliin and 
ciaxaeiUms. Some of these strains may show 
resistance to other antibiotics and heavy metals 
also and cause outbreaks of hospital infection. 
These strains have been called 'epidemic 
methiciliin. resistant Staphylococcus aureus’ or 
EMRSA (as methiciliin is an unstable drug, 
cloxaeillin is used for sensitivity testing instead). 
3. Development of tolerance to penicillin, by which 
the bacterium is only inhibited but not killed. 
Staphylococci also exhibit plasmid-borne 
resistance to erythromycins, tetracyclines,, 
aminoglycosides and almost all clinically useful 

antibiotics except vancnmyci n. 

Pathogenicity and virulence: 
Staphylococci produce two types of diseases— 
infections and intoxications. In the former the cocci 
gain access to damaged skin, mucosal or tissue sites, 
colonise by adhering to cells or extracellular matrix, 
evade hoar defence mechanisms, multiply and cause 
tissue damage. In intoxications, the disease is caused 
by the bacterial toxins produced cither in the 
infected host or preformed in vitro. A number of 
staphylococcal factors, both cell associated and 
extracellular, have been identified, which may 
influence virulence. However, apart from the 
exotoxins which cause specific clinical syndromes, 
no other factor has a decisive role in pathogenesis. 

The virulence factors described include the 
following; 
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Cell Associated Polymers 

1. The cell wall polysaccharide peptidoglycan 
coolers rigidity and structural integrity to the 
bacterial cell. It activates complement and 
induces release of inflammatory cytokines, 

Z Teichoac acid, ait antigenic component of the 
cell wall facilitates adbesbpn, of the cocci to the 
host cell surface and protects them from 
complement-mediated opsonization, 

1 Capsular polysaccharide surrounding the celt 
waU inhibits opsonization. 

Cell Surface Proteins 

1 Protein A present on most Staph, aureus strains 
has many biological properties, including 
chem a tactic, antiphagocytic and anti- 
complementary effects. It also induces platelet 
damage and hypersensitivity. Protein A binds 
to the Fc terminal of IgG molecules: (except 
IgG3), leaving the Fab region free to combine 
with its specific antigen, Protein A-bearing 
staphylococci coated with any IgG antiserum 
will be agglutinated if mixed with its 
corresponding antigen. This procedure known 
as coagglut] nation has many aplications, as for 
streptococcal grouping and gonococcal typing. 
Protein A is a B cell mitogen. It has also been 
used as a ligand bar isolation of IgG, 

Z Clumping factor, another surface protein is the 
■bound coagulase' which is responsible for the 
‘slide magulase' test. When a saline suspension 
of Staph, aureus is mixed on a zlide with a drop 
of human plasma the cocci arc clumped. The 
slide coagulase test is routinely used for the 
identification of Staph, aureus isolates. 
Capsulated strains may sometimes show a 
negative test because the dumping factor may 
be enveloped by the capsular polysaccharide, 

Extracellular enzymes 

1. Coagulase is an enzyme which brings about 
dotting of human or rabbit plasma. It acts along 


with a 'coagulase reacting iactof (CRF) present 
in plasma, binding to prothrombin and 
converting fibrinogen to fibrin. Coagulase does 
not clot plasma of guinea pigs and some other 
species because they lack CRF. Calcium Of other 
clotting factors arc not required for coagulase 
action. Eight types of coagulase have been 
identified. Most human strains font] coagulase 
type A, Coagulasc and clumping factor (the so 
called 'bound, coagulase 1 ) differ in many respects, 
Coaguhse is an enzyme secreted into the 
medium, It requires the cooperation of CRF for 
its action. Bound coagulase is a heat stable 
constituent of the cell surface and its action iz 
independent-of CRF. Only unc type of clumping 
factor has been identified. Staph, aureus strains 
usually form both coagulase and dumping 
factor. Coagulase test is the standard criterion 
for the identification of -Staph- aureus isolates, 

2. Lipases. Staphylococci produce a number of 
lipid hydrolases which help them in infecting 
the skin and subcutaneous tissues. 

3. Hyaluronidazc breaks down the connective 
tissue. Scaphytokmase {fibrtnolysin), fatty acid 
modifying enzymes and proteases help in 
initiation and spread of infection. 

4 Nuclease, A heat stable nuclease is a 
characteristic feature of Staph, lum 
5, Protein receptors. Staphylococci posse as 
receptors for many mammalian proteins such 
as fibronectinj fibrinogen, IgG and Clq. These 
facilitate staphylococcal adhesion to host cell 
and tissues, 

TOXINS 

Cytolytic toxins: Cytolytic toxins are 
membrane-active substances, consisting of four 
hemolysins and a leucocidin. 

Alpha hemolysin (Alpha toxin, lysin) is the 
most important among them- It is a protein 
inactivated at 70 ,: 'C n but reactivated paradoxically 
at 10Q This is because at 60-70 "’C, the toxin 
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Combines with a heat labile inhibitor which is 
denatured at 100 °C, leaving 1 the toxin, free, 

Alpha toxin lyses rabbit ejy^hfocytes^ hut is less 
active against sheep and human red cells. It is also 
leucocidal, cytotoxic, derm onccro tic (on 
intraderma] inoculation in rabbits). neurotoxic and 
lethal (an intravenous inoculation in rabbits), [l is 
toxic to macrophages, lysusomes, muscle tissues, 
renal cortex and the circulatory tysteiti. 

Beta henwtvxin is a sphingomyelinase, hemolytic 
for sheep cells, but not for human or rabbit cells, It 
exhibits a 'hot-cold phenomenon', the hemolysis 
being initiated, at 37 *C, but becoming evident only 
after chilling- 

Gamma /lemnfcsijr is- composed of two separate 
proteins, both of which are necessary for hemolytic 
activity. 

Delta hemolysin has a detergent-like effect on 
ceil membrane* of erythrocytes, leucocytes, 
macrophages and platelets. 

Lcacoddm (called the Panton-Valentine toxin 
after its discoverers) is also a two component toxin, 
like the gamma lysin, being composed of two 
components (S and F). Such bicomponent 
membrane-activc toxins as the staphylococcal 
leucocidin and gamma lysin have been grouped a§ 

SYTtetfphymenotmpu; toxins, 

hnurotoxin: This toxin is responsible for the 
manifestations of staphylococcal food poisoning — 
nausea, vomiting and diarrhea 2-h hours alter 
consuming contaminated food containing 
preformed toxin, The toxin is relatively heal stable, 
resisting 100 ‘C for 10 to 40 minutes depending 
(in the concentration of the toxin and nature of the 

medium. About two-thirds of Staph, aureus strains, 
growing, in carbohydrate and protein foods secrete 
the toxin. Meat and fish or milk and milk products 
cooked and left at room temperature after 
contamination Wish Staphylococci* fur enough time 
for the toxin to accumulate, are the common items 
responsible. The somrcc of infection is usually a 
food handler who is a earner J'hc illness is usually 
self limited,- with recovery in a day or so. 


Eight antigenic types of ememtemn are currently 
known, named A, B, D, E and H, They are 
formed by toxigenic strain s* singly or in combination. 
The toxin is believed to act directly on the 
autonomic nervous system to cause the illness, 
rather than on the gastrointestinal mucosa, The 
toxin is antigenic and neutralised by the specific 
antitoxin.Type A toxin is responsible for most cases. 
Sensitive serological tests such ns latex 
agglutination and ELISA are available fur detection 
of t he roxi n. 

The rosin is potent, rmcrogram amounts being 
capable of causing the illness. Some eases of post 
antibiotic diarrhea arc caused bv cntcrntOJtlft- 

H 

forming staphylococci. The toxin also exhibits 
pyrogenic, mitogenic* hypotensive, thrombo¬ 
cytopenic and cytotoxic effects. 

Tnsic shock syndrome Kivin (TSSTk 
Toxic shock syndrome (TSS) is a potentially fatal 
multisystem disease presenting with fever, 
hypotension, myalgia, vomiting, diarrhea, mucosal 
hyperemia and an erythematous rash which 
desquamates subsequently. "Otis is associated with 
infection of mucosal or sequestered sires by TSST- 
producing Staph, aureus strains usually belonging 
to bacteriophage group 1. TEST type-1 (formerly 
also known as cntcrotoxin type F or pyrogenic 
exotoxin C) is most often responsible, though 
entenotoxins B or C may also cause the syndrome. 

TSS was first identified in 197$ in children and 
adolescents, but became widely known only in 1980 
following outbreak* an the USA in menstruating 
women using highly absorbent vaginal tampons, 
Their vaginal swabs showed heavy growth of Staph. 
aureus, though blood cultures were in variably 
negative.TSST-1 antibody is seen in convalescents. 
This is protective and absence ofTSST-1 antibody 
is a factor in the pathogenesis of the condition. 

Though tampon-related TSS is now rare, the 
syndrome occurs in other infections of the skin, 
mucosa and other sires and also in some surgical 
wounds. 

Staphylococcal cute rotted ns and TSST-1 arc 
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s'upcrMntigcfu which are potent activators of T 
lymphocytes. Being V[J restricted T cell mitogens, 
such superantigens stimulate very large numbers 
of T celts, without relation to their epitope 
specificity. This leads to an excessive ami 
deregulated immune response with re tease of 
cytokines interleukins 1, 2, tumour necrosis factor 
and interferon gamma. This explains the 
multisystem involvement and llorid manifestations 
in staphylococcal food poisoning and TSS. 
HxfnlisiUve (epideritinlylic) toxin: This 
toxin, also known as ET or'exfoliatin'is responsible 
for the Staphylococcal scalded skin syndrome' 
(SSSS), exfoliative skin diseases in which the outer 
layer of epidermis gets separated from the underlying 
tissues. The severe form of SSSS is known as 
Ritter’s disease in the newborn and toxic epidermal 
necrolysis in older patients. Milder terms are 
pemphigus neonatorum and bullous impetigo. 


STAPHYLOCOCCAL DISEASES 

Staphylococcal infections are among the most 
common of bacterial infections and range from the 
trivial to the fatal. Staphylococcal infections are 
characteristically localised pyogenic lesions, in 
contrast to the spreading nature of streptococcal 
infections. Common staphylococcal infections are 
the following: 

Skin sind soft tissue: Folliculitis, furuncle 
(boil), abscess (particularly breast abscess}, wound 
infection, carbuncle, impetigo, paronychia, less often 
cellulitis. 

McisCiiloskeletalt Osteomyelitis, arthritis, 
burs ids, pyomyositis. 

Respiratory; Tonsillitis, pharyngitis, sinusitis, 
otitis, bronchopneumonia, lung abscess, empyema, 
rarely pneumonia. 

Central nervous system: Abscess, 
meningitis, intracranial thrombophlebitis- 
Fndovascular Bacteremia, septicemia, pyemia, 
endocarditis 

1 rinary: StsphyiuODCd arc uncommon in routine 
urinary tract infections, though they do cause 


infection in association with local instrumentation, 
implants or diabetes. Urinary isolates of 
staphylococci are to be considered significant even 
with low colony counts, as they may be related to 
bacteremia. 


Racthkiofhagk rixtj 

Staphylococci may be typed, based on their 
susceptibility to bacteriophages. An internationally 
accepted set of phages is used for typing. 
Staphylococcal phage tvping is done by a pattern 
method. The strain to be typed is inoculated on a 
plate of nutrient agar to form a lawn culture. After 
drying, the phages arc applied over marked squares 
in a fixed dose (routine test dose). After overnight 
incubation, the culture will be observed to be lysed 
by some phages bur not by others. The phage type 
of the strain is expressed by the designations, of all 
the phages that lyse it. Thus, if a strain is lysed 
only by phages 52, 79 and 30, it is called phage 
type 52/79/80, Phage typing is of great importance 
in epidemiological studies of staphylococcal 
infections. 


IntsrnaldorLal basic set of phages lor typing 
Staph, aureus of human origin 


Group I 

Group El 
Group 111 

Group IV 
Group V 
Mm allocared 


29, 52, S2A, 79, 80 
3A, 3C. 55, 71 

G, «E, 47, 53, 54, 75,37,83A, 
$4, 85 

94, 96 
81, 95 


Not all cultures are typablc by this procedure, 
and the susceptibility patterns of circulating strains 
vary in time and locality. Hence phages ill the 
reference set require periodic revision, 
Rpidemiolugy: Staphylococci are primary 
parasites of human beings and animals, colonising 
the skin, skin glands and mucous membranes. The 
most common sources of infection are human 
patients and carriers: animals and inanimate objects 
being less important. Patients with superficial 
infections and respiratory' infections disseminate 
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large numbers of staphylococci into the 
environment- About 10-30 per cent of healthy 
persons carTV staphylococci in the nose sand about 
10 per cent in the perineum and also on the hair. 
Vaginal carriage is about 5-10 per cent, which rises 
greatly during menses, a factor relevant in die 
pathogenesis ofTSS related to menstruation. 

Staphylococcal carriage starts early in tile, 
colonisation of the umbilical stump being very 
common in babies born in hospitals. Some carriers, 
called shedders', disseminate very large numbers 
of cocci for prolonged periods. Tbe cocci shed by 
patients and carriers contaminate fomitea such as 
handkerchiefs, bed, linen and, blankets and may 
persist on them for days nr weeks. Staphylococci 
may also come from infected domestic animals such 
as cows. 

Staphylococcal disease may follow endogenous 
or exogenous infection- The modes of transmission 
may be by contact, direct or through fomites, by 
dust or by airborne droplets. 

Hospital infections by staphylococci deserve 
special attention because of their frequency and 
because they arc caused by strains resistant to 
various antibiotics. Staphylococci are a common 
cause of postoperative wound infection anti other 
hospital cross infections, Most of these are due to 
certain strains of staphylococci that are present in 
the hospital environment, the so-called ‘hospital 
strains 1 . They belong to a limited number of phage 

types and are commonly resistant tO penicillin and 
other antibiotics routinely used in hospitals, Some 
of them, the epidemic strains ,, cause epidemics of 
hospital cross infections. The first of these to be 
recognised was phage type 80/81, which accounted 
for must of staphylococcal infections in hospitals 
throughout the world- They have since been 
replaced by other strains of staphylococci and by 
Gram negative bacilli. 

Measures for the control of staphylococcal 
infection in hospitals include; 

1. isolation of patients with open staphylococcal 

lesions; 


2. detection of staphylococcal lesions among 
surgeons, nurses and other hospital staff and 
keeping them away from work till the lesions 
arc healed; 

3. strict aseptic techniques in theatres; 

4. the oldest, simptet and tbe most effective method 
of checking hospital cross infection is hand 
washing* which unfortunately is often 
neglected. 

If an outbreak of staphylococcal sepsis occurs, 
a search may be made for carriers among the 
hospital staff. Those detected should be treated with 
local applications of neomycin and chlorhexidinc. 

In some institutions in America, eradication of the 
virulent resident strain has been attempted by the 
deliberate dissemination of a strain of low virulence. 
The latter may oust the former by interference. 
Antimicrobial prophylaxis by topical applications 
of antiseptics such as hexachlorophene has also 
been found useful, 

Laboratory diagnosis; The specimens to be 
collected depend on the type of lesion (for example, 
pus from suppurative lesions, sputum from 
respiratory infections)- In cases of food poisoning, 
feces and the remains ol suspected food should be 
collected- For the detect ion of carriers, the usual 
specimen is the nasal swab. Swabs from the 
perineum, pieces of hai r and umbilical stump may¬ 
be necessary in Special situations. 

Direct microscopy with Gram stained smears 
is useful in tbe case of pus, where cocci in dusters 
may be seen. 'Dus is of no value for specimens like 
sputum where mixed bacterial flora arc normally 
present. 

I Dugriosi s may readily be made by culture. The 
specimens we plated on. blood agar. Staphylococcal 
colonics appear after overnight incubation. 
Specimens where staphylococci are expected to be 
scanty and outnumbered by other bacteria (for 
example, swabs from camera, feces in food poisoning 
cases) are inoculated on selective media like 
Ludkirfs or salt-iriilk agar or Robertson's cooked 
meat medium containing 10 per cent sodium 
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chloride. S-riiears art examined from the cultures 
and the coaguhsr rest done when staphylococci 
arc Isolated. 

Cougulase test is done by two methods - tube 
and slide: Lnuguluse tests. The tube coagulate test 
detects free cnogulase. About 0-1 ml of a young 
broth culture or agar culture suspension of the 
isolate Is added to about 0.5 oil of human or rabbit 
plasma lii a narrow test tube. EDTA, oxalate or 
heparin may be used as the anticoagulant for 
preparing the plasma. Citrate is not recommended 
because it may be utilised by some contaminant 
bacteria, causing lake positive results. Positive and 
negative Controls are also set up. The tubes arc 
incubated in a water bath at 37 °C for 3—6 hours. If 
positive, the plasma clots and does nor How when 
the tube is tilted. Continued incubation is not 
recommended as the clot may get lysed by the 
fibrinogen formed Lsv some strains. 

The slide test detecting bound coagulase is much 
simpler and usually gives results parallel with the 
rube test. When there is divergence, the tube test 
will lie the deciding factor. For the slide test, the 
isolate is emulsified in a drop of saline on a slide. 
After checking for absence of autoagglud nation, a 
drop of human or rabbit pi am a is added to the 
emulsion and mixed. Pmmpt clumping of the cocci 
indicates a positive test. Positive and negative 
controls also are set up, 

Antibiotic sensitivity tests should be performed 
as a guide to treatment. This is important as 
staphylococci readily develop resistance to drugs. 

Bacteriophage typing may be done if the 
information is desired for epidemiological purpo^s. 
Other typing methods include antibiogram pattern , 
plasmid profile, DNA fingerprinringj ribotyping 
and PCR-based analysis for genetic pleomorphism. 

Serological tes ts may sometimes be of help in 
the diagnosis of hidden deep infections, 
Antisfaphylolysini (antialphatysin) litres of more 
than two units per ml, especially when the titre is 
rising, may be of value in the diagnosis of deep 
seared infections such as> bone abscesses 



Fig. 22.2 Bedteriophsg* typing of ftiaphyiiaeocel 

Tre atment 

As drug resistance is so common among 
staphylococci, the appropriate antibiotic should be 
chosen, bated on antibiotic sensitivity tests. Benzyl 
penicillin i-s the most effective antibiotic, if the 
strain is sensitive, Methicillin was the first 
compound developed to combat resistance due to 
penicillinase (.beta Uctumasc} production by 
staphylococci. Due to the limitations in clinical use 
of meihidllin, elojcacillin* are used instead against 
penIcilltriJ-se-producing strains. But methicillin 
resistant srrains of Staph, aureus (MUSA) became 
common, which were resistant not merely to 
penicillin, but also to all other beta Lactam antibiotics 
and nvanv others besides. For life threatening 
staphylococcal infections, vancomycin is the drug 
oi choice. Strains resistant to vancomycin and 
tcieoplanin have appeared in hospitals where 
antibiotic use is indiscriminate, For mild superficial 
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ledums., systemic antibiotics may not be necessary. 
Topical applications of drugs not used systemic-ally, 
as bacitracin, chlorboadise or mupiiocin may he 
sufficient, 

Some strains show the phenomenon of drug 
tolerance.. These strains will be found to be 
susceptible in the disc sensitivity' test but their 
minimum bactericidal concentration wiU be very 
much higher than their minimum inhibitory 
concen tration. They are- not killed by antibiotics m 

r f 

the usual doses and persist, leading to failure in 
eradicating the infection. 

The treatment of carriers ls by local application 
of suitable antibiotics such as bacitracin and 
antiseptics such as chlothaddiiK. In resistant cases 
posing major problems, rifampicin along with 
another oral antibiotic may be effective in long term 
suppression or elimination of the carrier state. 

OTHER COAGULASE POSITIVE STAPHYLOCOCCI 

Resides Sfaph. aureus, a few other staphylococcal 
species ate coaigula.se positive, e.g. Sraph, 
in-rermetfiEJS and Staph, hyieux. These are animal 
parasites and do not infect humans. 

COAGULASE NEGATIVE STAPHYLOCOCCI 

Coagulase negative staphylococci constitute a major 
component of the normal flora of the human body. 
Some species of coagulasc negative staphylococci 
can produce burn an infections - Staph, ttpsde.nnitlia r 
StitpL hsteTTKifyticus and Staph, saprophrticus. 

Staph, cpidomidk is invariably present on 
normal human skin. It is nonpathagenic ordinarily 


but can cause disease when the host defences are 
breached. It is a common cause of stitch abscesses. 
It has a predilection for growth on implanted 
foreign bodies such as artificial heart valves, shunts, 
intravascular catheters and prosthetic appliances, 
leading to bacteremia. Hospital strains of Staph, 
ephkrmidh are usually multiple drug resistant. It 
can cause cystitis. Endocarditis may be caused, 
particularly in drag addicts. 

Staph, siprophyticus may be present on normal 
human skin and the periurethral area and can cause 
urinary tract infection, particularly in sexually active 
young women. The infection is symptomatic and may 
involve the upper urinary tract also. Aden are 
infected much less often, though it is somcrintcs seen 
in older persons. The infecting strains are usually 
sensitive to most common antibiotics, except 
nalidixic acid- Staph, saprophyticus is novobiocin 
resistant. 

Table 22,1 lists the features useful for 
distinguishing the major species of staphylococci, 

MICROCOCCI 

These are Cram positive cocci which occur mostly 
in pairs, tetrads or irregular clusters. They arc 
catalase and oxidase positive. They are aerobic with 
a strictly respiratory metabolism. They are parasitic 
on mammalian skin and are ordinarily 
nonpathogenic. They resemble staphylococci but 
in stained smears the cells are generally larger and 
more Gram variable than staphylococci. In cultures 
they form smaller colonies. The common laboratory 
test used to differentiate between micrococci and 


Table 22,1 Features fur distinguishing the major species ot staphylococci 


Characteristic 

Staph, zureus 

Staph, cpidcrmidis 

Staph, saprophyticus 

Coagulate 

4 

- 

- 

Novobiocin sensitivity 

S 

s 

R 

Acid from mannitol anae 

'mbicallv * 

- 

- 

Phosphatase 


4 

- 
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staphylococci is the Hugh and [jeifRon's oxidation- oxidative and staphylococci show fermentative 

fermentation test in which micrococci show patterns. 
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Streptococcus 



Streptococci are Gam positive cocci arranged in 
chains or pairs (Fig. 23.1). They are part of the 
normal flora of humans and animals. Some of them 
arc human pathogens. The most important of them 
is Streptococcus pyogenes causing pyogenic 
infections, with a characteristic tendency to spread, 
as, opposed to staphylococcal lesions which are 
typically localised. It is also responsible for the 
nonsuppurative lesions, acute rheumatic lever and 
glu-merulonephfitis which OCCOr as Sequelae EO 
infection. 

Cocci in chains were first seen in erysipelas and 
wound infections by Billroth (1874) T who called 
them streptococci ( strep fos„ meaning twisted or 


4 ^ 



coiled). Ggston (1 SSl) isolated them from acute 
abscesses, distinguished them tram staphylococci 
and established their pathogenicity hy animal 
inoculation. Roscnbach (1S&4) isolated the cocci 
from human suppurative lesions and gave them the 
name Strepfiocrjocwr pyogenes. 

CLASSIFICATION 

Several systems of classification hive been employed 
hut in medical bacteriology the following method 

Is useful (Fig. 23.2). 

Streptococci are first divided into obligate 
■anaerobes and facultative anaerobes. The former 
are designated peptostreptoeocel and are considered 
in a later chapter. The aerobic and facultative 
anaerobic streptococci are classified on the basis of 
their hemolytic properties. Brown (1919) 
categorised them into three varieties based on their 
growth in 5% horse blood agar pour plate cultures. 

Alpha (a) hemolytic streptococci produce a 
greenish discolouration with partial hemolysis 
around the colonics. The zone pf lysis is small (1 
or 2 mm wide) with indefinite margins, and unlysed 
erythrocytes can be made out microscopically 
within this tone. These are known as 'viridans 
streptococci' or Streptococcus vj'rrdarss (from 
L viridis r meaning green). The alpha streptococci are 
normal commensals in the throat, but may 
cause opportunist infections rarely. Prtemococcus 
(Str, pneumoniae) is also an alpha hemolytic 
streptococcus. 

Bets (P) hemolytic strep taco cci produce a 
sharply defined, clear, colourless zone of hemolysis, 
2~4 mm wide, within which red cells are 
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Fig. 23.2 Uaasiticalion of streptococci 

completely lysed. The term 'hemolytic streptococci’ 
strictly applies only to beta lytic strains. Most 
pathogenic streptococci belong to this group. 

GsmrruJ { 7 ) or nonhemolytic streptococci 
produce no change in the medium and so arc 
sometimes referred to as ‘indifferent streptococci'. 
They include the fecal streptococci (en terwcocei, 
Str faecali s) and related species. They arc called 
the 'enterococcus group'. 

Hemolytic streptococci were classified by 
Loncefieid (1933) serologically into groups based 
on the nature of a carbohydrate {C) antigen on the 
cell wall, These arc known as Lanccficld groups, 
twenty of which have been identified &o fax and 
named A-V (without I and J). The great majority 
of hemolytic streptococci that produce human 


infections belong to group A. Hemolytic 
streptococci of group A are known as 6rr. pyogenes. 
These may be further subdivided into types based 
on the protein (M, T and R) antigens present on 
the cell surface (Griffith typing). About eighty types 
of Str. pyogenes have been recognised so far (types 
1, 2, 3 and so on). 

Table 23.1 shows the medically important 
streptococci and their characteristics. 

STREPTOCOCCUS PYOGENES 

Morphology: The individual cocci are spherical 
or oval 0.5-1.0 pm in diameter. Size variations 
result from cultural conditions, for example, when 
grown anaerobically, they arc somewhat smaller. 
They are arranged in chains, the length of which 
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Table £3.1 Hectically important streptococci and their characteristics 


Species or 
common name 

Lanceficfti 
jj rtntp 

Hemolysis 

Habitat 
in human 

hosts 

Laboratory tests 

CommaH diseases 
caused 

Sir. progencs 

A 

beta 

Throat, 

skin 

Bacitracin sensitive; 
PYR test positive;, 
Ribnse nor fermented 

Upper respiratory tract 
infection*;. pyoderma; 
rheumatic fever; 
glomerulonephritis 

Sir. agoJartiae 

B 

beta 

Female 

genital 

tract;, 

rectum 

GAMP test, hippuratr 
hydrolysis 

Neonatal meningiris, 
*epti«mia 

Su- equbimilu 

C 

beta 

Throat 

Ribosc and trehalose 
fermentation 

Pharyngitis, 

endocarditis 

Sir. tOffBOma 

A, C* F, G* 

un typebk 

beta (alpha, 
gamma) 

Throat, 

colon, 

female 

genital 

tract 

Group A strains 
hacicracin resistant 

PYR negative; Minute 
colony variants of 
other group* 

[pyogenic infections 

threrOCciCrtlS ip- 
(Str. fxecalis and 
ocher enterococci) 

D 

Gamma 

(alpha* 

beta) 

Colon 

Growth in &596 NaC3; 
PYR positive 

Urinary tract 
infections, 
endocarditis* 
suppurative infections 

NoncnlinoeoccsJ 
Group D species 
(Sir. hovis) 

l> 

gamma 

Colon 

No growth in 6.5% 
NaCt 

Endocarditis 

Vmdans 

streptococci (many 
species) 

Not typed 

alpha 

(gamma) 

Mouth, 
so Ion, 
female 
genital 
tract 

OprodiLn resistant, 
species classification 
on biochemical 
properties 

Endocarditis (Str. 
sanguis); dental caries 
(Am mufitflf) 


varies within wide limits and is influenced by the 
nature of the culture medium, chains being longer 
in liquid than in solid media. Chain formation is 
due to the cocci dividing in one plane only and the 
daughter cells failing to separate completely, There 
is often an appeara nce of pairing within the chains. 
Significance was once attached to the length of 
the chains* and streptococci had been classified 
accordingly {Scr: fongus and brews) but this has no 
relevance to virulence or other properties. In fact* 
some nonpathogenic streptococci form the longest 
chains, for example* Set, salrcarrus, (Fig. 23.1), 


Streptococci ate nonmotik and nonsporing. 
Some strains of Sir. pyogenes and some group C 
strains have capsules composed of hyaluronic acid, 
while polysaccharide capsules are encountered in 
members of group B and D. These capsules are 
best seen in vciy young cultures. 

Cultural characteristics: It is an aerobe and 
a facultative anaerobe, growing best at a temperature 
of 37 *C (range 22-^2 *C}- It is exacting in nutritive 
requirements* growth occurring only in media 
containing fermentable carbohydrates or enriched 
with blood or serum. Dn blood agar, after incubation 
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for 24 hours, the colonics arc small (05-1.0 mm) 
circular, semitransparent, tow convex discs with an 
area of dear hemolysis around them. Growth and 
hemolysis ate promoted by 10 per cent CO,. 
Virulent strains, on fresll isolation from lesions, 
produce a matt (finely granular) Colony, while 
avirulcni strains form "glossy 1 colonies. Strains with 
well marked capsules produce ‘mucoid’ colonies, 
corresponding in -virulence to die mart type. Very 
rarely, nonhemolytic group A streptococci are 

encountered, which are typical of Str. pyogenes in 
other respects. 

Tn liquid media, such as glucose or scrum broth, 
growth occurs as a granular turbidity with a 
powdery deposit. No pellicle is formed. 
Biochemical reactions: Streptococci ferment 

several sugars producing acid but no gas. 

Streptococci ire catalase negative. Chey are not 
soluble 'in 10 per cent bile, unlike pneumococci. 
Hydrolysis of pyrrolidonyl rtaphthykcrtLde (PYR 
rest) and failure to ferment ribnse arc useful in 
differentiating Sir. pyogenes from other streptococci. 
KcsisMricc: Sir. pyogenes is a delicate organism, 
easily destroyed by heat (54 °C for 30 minutes). It 
dies in j few daw in cultures, unless stored at a low 
temperature (4 5 Cl, preferably in Robertson’s 

coolccd meat medium. It can, however, survive in 

dust for several weeks, it protected from sunlight- 
It is rapidly inactivated by antiseptics. It is more 
resistant to crystal violet than many bacteria, 
including Staph, aureus. Crystal violet (1 mg/L), 
nalidixic acid (15 mg/L) and colisrin sulphate (10 
mg/L) added to blood agar provide si good selective 
medium far the isolation of streptococci, including 
pneumococci. It is susceptible to sulphonamides 
and many antibiotics but unlike Staph, aureus dues 
nut develop resistance to drugs. Sensitivity ft > bacitracin 
» employed as a convenient method for differentiating 
5m pmgeiws' from other hemolytic streptococci. 
Antigenic gtruemru: Fig. 23.3 illustrates the 
disposition of the various antigens in 5tr. pyogenes. 
The capsule when present inhibits; phagocytosis. 
It is not antigenic in human beings, 


The cell wall is composed of an outer layer of 
protein and liputeichoic acid, a middle layer of 
group specific carbohydrate and an inner layer of 
pepridciglycatk 

The pepdduglycan (mucoprotein) is responsible 
lor cell wall rigidity. It has also some hiological 
properties such as pyrogenic and thrombolytic 
activity. 

Serological grouping of streptococci depends on 
the C carbohydrate. Set, pyogenes belongs to group 
A. As th is antigen is an integral part of the cell 
wall, it has to be extracted for grouping by a 
precipitation test with group antisera- For the test, 
streptococci are grown in ’1 bdd-Hewitt broth and 
extracted with hydrochloric acid (Lancefield's acid 
extraction method), or form amide (Fuller's 
method) or by an enzyme produced by StTcptomyca 
iilbus (Masted's method) or bv autoclaving (Rants 
and Randall's method). The extract and the specific 
antisera are allowed to react in capillary tubes. 
Precipitation occurs within five minutes at the 
interface between the extract and the homologous 
antiserum. Grouping may also be done by agar get 
prcciplcatio n. 

Several protein antigen* hive been identified in 
the outer part of the cell wall, Sfr; pyogenes can he 

typed, based, on the surface proteins M, f and R. 

The M protein ■& the most important of these- It 
acts as a virulence factor by inhibiting phagocytosis. 
It is antigenic.The antibody to M protein promotes 
phagocytosis of the coccus and is. therefore 
protective. The M protein is hear and acid stable 
but susceptible to tryptic digestion. It can he 
extracted by the Lancefietd acid extraction method 

and typing is done with type specific sera. About 
SO M protein types have been recognised. 

TheT protein is an acid labile, trypsin resistant 
antigen present in many serotypes of Sfr. pyigcm^. 
It may he specific but many different M types 
possess [he saint T autigen. It is usually 
demonstrated bv the slide agglutination test using 
trypsin-treated whole Streptococci. SOCHC types of 

5fr pvo^cncs (types 2, 3, 28 and 48) and some 
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strains of groups B, C and G contain i third antigen,, 
the R protein.TheT and R proteins have no rektion 
to virulence. A nontype-specific protein, associated 
with the M protein, has been identified. This is 
known as M associated protein (MAP). 

Hair-like pill (fimbria) project through the 
capsule of group A streptococci. The piLi consist 
partly of M protein and are covered with 
lipoteiehnic acid which is important in the 
attachment of streptococci to epithelial cells. 

Various structural components of SlT- pyogenes 
exhibit antigenic cross reaction with different 
tissues of the human body. Antigenic relationships 
have been demonstrated between capsular 
hyaluronic acid and human synovial fluid, cell wall 
protein and myocardium, group A carbohydrate and 
cardiac valves, cytoplasmic membrane antigens and 
vascular mihm, and pcptidoglycans and skin 
antigens. It has been postulated that these antigenic 
cross reactions may account for some of the 
manifestations of rheumatic fever and other 
streptococcal diseases, the tissue damage heing of 
an immunological nature. 



Fig, 23.3 Antigenic structure of Sir, pyogenes. 

1. Hyaluronic add capsule. 2, Cell wall comprising 
£A. peptldoglycan, 26. group specific carbohydrate 
and 2C. protein lipcteicltoic acid fimbria 3. Cyto¬ 
plasmic membrane 4. Cytoplasm. S, PHI covered with 
llpoteichote acid. 


Toxins nnd other virulence factors: Srr. 
pyogenes forms several exotoxins and enzymes 
which Contribute to its virulence. Besides these, 
the M protein also acts as a virulence factor by 
inhibiting phagocytosis, The C polysaccharide has 
been shown to have a toxic effect on connective 
tissue in experimental animals. 

Hemolysins: Streptococci produce two 
hemolpins, streptolysin 'O' and 'S'. Streptolysin 
O is so called because it is oxygen labile. It it 
inactive In the oxidised form but may be 
reactivated by treatment with mild reducing agents. 
On blood agar,, streptolysin O activity is seen only 
in pour plates and not in surface cultures. It may 
be obtained in the active State by growing 
streptococci in broth containing reducing agents 
such as sodium hydrosuJphite. It is also beat labile. 

It appears to be important in contributing to 
virulence. It is lethal on intravenous injection into 
animals and has a specific cardiotoxic activity. It 
has leucotoxic activity also. In its biological action, 
streptolysin O resembles the oxygen labile 
hemolysins of CL petfrmgenSy CL team and the 
pneu mococcus. 

Streptolysin O is antigenic and antistreptolysin 
O appears in sera following streptococcal infection. 
Estimation of this antibody (ASO titnc) is a standard 
serological procedure for the retrospective diagnosis 
of infection with Sta pyogenes. The lysin is 
inhibited by cholesterol hut not by normal sera. 
Following certain chemical treatments or bacterial 
contamination, sera may develop inhibitory activity 
due to some changes in the lipoproteins. Such sera 
arc unfit for the ASO test. Because of the 
complexity of the hemolysis inhibition test., ASO 
test is now done by the serological method of latex 
agglutination. An ASO time in excess of 200 units 
is considered significant and suggests cither recent 
or recurrent infection with streptococci. 
Strep to lysi n S and O' are produced by groups A, C 
and G also. 

Streptolysin S is an oxygen stable hemolysin and 
so i h responsible for the hemolysis seen around 
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SfrepUKOccal .colonies- on the surface of blood agar 
plate*. 1[ is called streptolysin S since it is soluble 
in serum. It is a protein but is not antigen sc. 
Convalescent sera do not neutralise streptolysin S 
activity, It is inhibited nonspeciftcally by scrum 
lipoproteins. 

Pyrogenic exotoxin (Krytlirngenic, 
Dick, scnrloliriol toviil): This toxin wan 
named ‘erythrogenic’ because its intradermal 
injection! into susceptible individuals produced an 
erythematous reaction (Dick test, 1924), This test 
was used to identify children susceptible Co scarlet 
fever, a type of acute pharyngitis with, extensive 
erythematous rash, caused by the Sir. pyogenes 
strains producing this toxin, Hunching of the rash 
cm local injection of convalescent scrum was used 
as a diagnostic,test for scarlet fever (Schultz 
Charlton reaction, 1918), The Dick test and Schultz 
Charlton reaction arc now only of historical value 
as scarlet fever is no longer a c ommo n o-r serious 
disease. 

The primary effect of the toxin is induction of 
fever and so it was renamed Streptococcal pyrogenic 
exotoxin (SPE). Three types of SPE have been 
identified—SPE A r B and C. Types A and C are 
coded for by bacteriophage genes, while type B 
gene is chrutnusumtd. SPEs ate ‘superantigtns’ (like 
staphykjc octal ente to toxins and TSS toxin), T cell 
mitogens which induce massive release of 
inflammatory cytokines causing fever, shock and 
tissue damage- 

Strcptokinase {fibrinolysin): This toxin 
promotes the lysis of human fibrin clots by activating 
a plasma procursor (plasminogen). It is an antigenic 
prorein and neutralising antibodies appear in 
convalescent sera. Anti-streptokinase antibody 
provides retrospective evidence of streptococcal 
infection. Fibrinolysin appears to play a biological 
role in streptococcal infections by breaking down 
the fibrin Hamer around the lesions and facilitating 
the spread of infection. Streptokinase is given 
intravenously for the treatment of early myocardial 
infarction and other thromboemboloic disorders. 


Deoxyribonucleases { Streplodnrna&e, 
DNAase): These cause depblymerisation of 
DNA. Pyogenic exudates contain large amounts ol 
DNA, derived from the nudei of' necrotic cells. 
Streptodornase helps to liquefy the thick pus and 
may be responsible for the thin serous character of 
streptococcal exudates. This property has been 
applied therapeutically in Liquefying localised 
collections of thick exudates, as in empyema. A 
preparation containing streptokinase and 
streprodornase is available for this purpose. Four 
antigenieally distinct DNAases, A, R, C and D, have 
been recognised, of which type B is the most 
antigenic in human beings. Demonstration of and- 
IJNAasc B antibody is useful in the retrospective 
diagnosis of Str. pyogenes infection, particularly in 
skin infections, where ASO ritres may be low. 
Srreptodomasc B and D also possess rihonuclease 
activity. 

Nicotinamide adenine di nucleotidase 
(NADase + formerly diphosphopyridint 
nucleotidase, DPNase): This acts on the 
coenzymc NAD and liherates nicotinamide from 

F 

the molecule. It is antigenic and is specifically 
neutralised by the antibody in convalescent sera. 
The biological significance of NADase is not 
krtOWrtj though it is believed to be leUCOlOxic. 
Hyuluronidasis This enzyme breaks, down the 
hyaluronic acid of the tissues. This might favour 
the spread of infection along the intercellular spaces. 
Streptococci possess a hyaluronic acid capsule and 
also elaborate a hyaluronidasc—a seemingly self* 
destructive process,. It is, however, found that strains 
chat form byihuonidiie in targe quan tities (M types 
4 and 22) are noncapsulated. The enzyme is 
antigenic and specific antibodies appear in 
convalescent sera. 

Serum opacity factor: Some M types of Str r 
pyogenes produce & lipoproteinase which produces 
opacity when applied to ag^r gel containing horse 
or swine serum. This is known as serum opacity 
factor (SOP). 

Many strains also produce proteinase. 
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phosphatase, esterases, amylase, N acetyl 
glucusamirudase, neuraminidase and other toxins 
or enzvmes- If is not known whether, and to what 
extent, these contribute to pathogenesis. 

P vi liDi.t- %u:iti 

Stir pYOgcncs produces pyogenic irtfeciioilS W i th & 

tendency to spread locally, along lymphatics and 
through the bloodstream. 

Respirain-ry injections; The primary site of 
invasion of the human body by Srn pyqgtrnes is the 
throat. Sore throat Is the most common of 
streptococcal diseases* It may be localised as 
tonsillitis.or may involve the pharynx more diffusely 
{phaiynjrids). Virulent group A streptococci adhere 
to the pharyngeal epithelium by means of 
lipotcichoic acid covering the surface pili. The 
glycoprotein fibroncctin on the epithelial cells 
probably serves as the lipotcichoic add ligand, 
Tonsillitis is more common in older children and 
adults than in younger children, who commonly 
develop diffuse pharyngitis. Localisation is believed 
to be favoured by hypersensitivity due to prior 
contact. 

From the throat, streptococci may spread to the 
surrounding tissues, leading to suppurative 
complications, such as Otitis media, mastoiditis, 
quinsy, Ludwig's angina and suppurative adenitis. 
It may rarely lead to meningitis* Streptococcal 
pneumonia seldom follows throat infection but may 
occur as a complication of influenza ar other 
respiratory viral diseases. 

Skin and s<dT tissue iiiUcliums: 5fr, 
causes a variety of suppurative infections 
of the skin, Including infection of wounds or bums, 
with a predilection to produce lymphangitis and 
cellulitis. Infection of minor abrasions may at Times 
lead to fatal septicemia,. 

The two typical streptococcal infections of the 
skin are erysipelas and impetigo. The former is a 
diffuse infection involving the superficial 
lymphatics. The affected skin, which is red, swollen 
and indurated, is sharply demarcated from the 


surrounding healthy area. While erysipelas is rare: 
and seen only in older patients, impetigo is found 
mainly in young children. Impetigo is caused by 
Str. pyogenes belonging to a limited number of 
serotypes, usually the higher numbered M types, 
instead ol the lower numbered M types which cause 
throat infections. Impetigo and streptococcal 
infection of scabies lesions are the main causes 
leading to acute glomerulonephritis in children in 
tile [topics. 

In pyoderma, antibody response to streptolysin 
O is not high and ASO estimation does, not have 
as much clinical significance as in pharyngeal 
infections. Antibody to DNAase B and 
hyaluronidasc are more useful in retrospective 
diagnosis of pyoderma antecendcnt to acute 
glomerulonephritis. 

Streptococcal subcutaneous infections range 
tram cellulitis to rteemtising fasciitis. The latter 
condition is more commonly caused by a mixed 
aerobic and anaerobic bacterial infection but some 
strains of Sfn pyc^enes (more particularly M types 
1 and 3 strains forming pyrogenic ewtrndn A) may 
alone be responsible- This is ordinarily a sporadic 
condition and has been known, since 1883 but small 
outbreaks in the UK and the USA have recently 
caused much alarm because of their severity and 
high fatality. These ftflifU have earned notoriety 
under the name 'flesh eating bacteria*. In such cases, 
extensive necrosis of subcutaneous and muscular 
tissues and adjacent fascia Lb associated with 1 Severe 
systemic illness—a toxic shock-like syndrome with 
disseminated intravascular coagulation and multiple 
system failure* Str. pyogenes can be isolated from 
the affected rite and rising litres of antistreptolysin 
and anti-DNAase B demonstrated- Though the 
isolates are penicillin sensitive in vitro, treatment 
with penicillin may not be effective. Vancomycin 
is the drug of choice in life threatening infections- 

Soft tissue infections with some M types of Str 
pvngcncs (1,3, 12, 2fl) may sometimes cause a toxic 
shock syndrome resembling staphylococcal TSS, 
Streptococcal TSS and necrotising fasciitis occur 
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only irs persons nrmimmune to the infecting M 
types, 

Genital infections: Both aerobic and 
anaerobic streptococci are norma] inhabitants of 
the female genitalia. Stir, pyngcncsltftt an important 
cause nf puerperal sepsis, with the infection usually 
being exogenous, The emphatic demonstration bv 
Semmelweis in 1847 that hospital outbreaks of 
puerperal fever could be prevented by the simple 
measure of handwashing; by those attending the 

labour wards remains a landmark in clinical 
microbiology. Puerperal fever Is now much more 
commonly due to endogenous infection with 
anaerobic streptococci. Streptococcal puerperal 
SCpsis used to take a heavy toll of life before 
antibiotics became available. 

Ollier suppumtivo infection & Str. 
pyogenes may cause abscesses in internal organs 
such as the brain, Lungs, liver and kidneys, and also 
septicemia and pyemia. 

N tin &ll| ipyrattve »rtipHc&fjftti$; Sfr. 

pyogenes infections lead to two important 
nonsuppurative sequelae—acute rheumatic fever and 
acute glomerulonephritis. These complications 
ensue 1-1 weeks after the acute infection so that 
the organism may not be detectable when sequelae 
set in. They differ in their natural history in a 
number of respects {Table 23,2). 

The pathogenesis of these complications is not 
clearly understood. The essential lesion in rheumatic 
fever is Carditis, including connective tissue 
degeneration of the heart valves and inflammatory 
myocardial lesions, characterised by Aschoff 
nodules. Typically, rheumatic fever follows persistent 
or repeated streptococcal throat infections with a 
strong antibody response. The lesions are believed 
to be the result of hypersensitivity to some 
streptococcal component. It has also been suggested 
that there may be an element nf autoimmunity 
involved, and antigenic cross-reactions have been 
demonstrated between streptococci and heart 
tissues. Lesions resembling rheumatic fever have 
been produced experimentally in rabbits by repeated 


infection with Str. pyogenes- and in mice by injection 
of sonic lysates of the cocci. 

While rheumatic fever may follow infection 
with any serotype of Str. pyogenes, nephritis :s 
caused by only a few 'mephritugeiiie' types. Irt the 
tropics, skin infections are perhaps more important 
in this, respect than throat infection*. The nephritis 
is usually a self-limited episode that resolves 
without any permanent damage. The pathogenesis 
may be due to antigenic cross-reactions between 
the glomerular membrane antigen, and cell 
membranes of ncphritogcnic streptococci, or more 
often it may be an immune complex disease. This 
condition lias been produced in monkeys and rabbits 
by repeated infection with type 12 $tr. pyogenes or 
injection of bacterial products, -and. in mice with 
soluble streptococcal products, 

I'pidcmiologv: The major source of 5tr. 
pyogenes is the human upper respiratory tract - 
throat, nasopharynx or nose - of patient) and 
earners. Carrier rates ol up to 20 per cent have 
been observed. Symptomiess infection is common 
and helps to maintain the organism in the 
community. Transmission of infection is either by 
direct contact or through contaminated fingers, dust 
or femites. In the tropics, streptococci! infection 
of the skin is common and may be spread by 
ncmbitirig insects, particularly the eye gnat 
Hippelares. 

Streptococcal infections of the respiratory tract 
are more frequent in children 5-8 years of age than 
in children below two years or in adults. They are 
more common In winter in the temperate countries. 

No seasonal distribution lias been identified in the 
tropics. Crowding is an important factor in the 
transmission ui infection. Outbreaks of infection 
may occur in dosed communities such as boarding 
schools or army camps. 

Immunity ii type specific and appears to be 
associated with antibody to the M protein. 
Reinfections occur because of the multiplicity of 
serotypes. 

Laboratory diagnosis: In acute infections. 
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Table 212 Comparison at rheumatic fever and glomerulonephritis 



Acute rheumatic Fever 

Acute glomerulonephritis 

Site of infection 

Throat 

Throat or skin 

Prior sensitisation 

Essential 

Not necessary 

Serotype of 

5 dr. py ogenes 

Any 

Pyodermal types #9, 53-55, 5V-61 

and pharyngitis strains 1 and 12 

Immune response 

Marktd 

Moderate 

Complement level 

Unaffected 

Lowered 

Generic susceptibility 

Present 

Not known 

Repeated attacks 

Common 

Absent 

Penicillin prophylaxis 

Essential 

Not indicated 

Course 

Progressive or static 

Spontaneous resolution 

Prognosis 

Variable 

Good 


diagnosis is established by culture, while in the 
nonsuppurative com plications, diagnosis is mainly 
based on the demonstration of antibodies. 

Presumptive information may be obtained by an 
examination of Gram stained films from pus and 
CSF, The presence of Gram positive cocci in chains 
is indicative of streptococcal infection. However, 
smears are of no value in infections of rhe throat or 
genitalia, where streptococci may form part of rhe 
resident flora. 

For cultures, swabs should be collected under 
vision from rhe affected site and either plated 
immediately or sent to the laboratory in Pike's 
medium (blood agar containing 1 in 1 >000,000 
crystal violet and 1 in 16,000 sodium azide}, The 
specimen is plated cm blood agar and incubated at 
37 a C anaerobically or under 5-10% CO Jt , as 
hemolysis develops, better under these condition S- 
Shcep blood agar is recommended for primary 
isolation because it is inhibitory for Haemophilus 
haeTnoiytims, colonies of which may be confused 
with those of hemolytic streptococci. Hemolytic 
streptococci are grouped by rhe Lancefietd 
technique. The fluorescent antilwKly technique has 
been employed for rhe rapid identification of group 
A streptococci. A convenient method for the 
identification of .S'fr pyogenes is based on Mrated "s 
observation that they arc more sensitive to bacitracin 
than other streptococci- A filter paper disc dipped 


in a solution ol bacitracin [1 unit/ml) is applied on 
the surface of an inoculated blood agar. After 
incubation, a wide zoic of inhibition is seen with 
St £ pyogenes but not with other streptococci 

Typing of ,Str. pyogenes is required only for 
epidemiological purposes, If required, this may be 
done by precipitation or agglutination. 

Rapid diagnostic test kits for the dete c ti on of 
Streptococcal group A antigen from throat swabs 
are available commercially. The tests can be 
completed in 1-4 hours and are. nearly as specific 
as cultures, though less sensitive. 

In rheumatic fever and glomerulonephritis, a 
retrospective diagnosis of streptococcal infection 
may be established by demonstrating high levels 
of antibody to streptococcal toxins. The usual test 
done is antistreptolysin O titration, ASO titres 
higher than 200 arc indicative of prior streptococcal 
infection. High level* are usually found in. acute 
rheumatic fever but in glomerulonephritis, titres 
are often low, Anti deoxyribonuclease B (anti- 
DNAase II) estimation is also commonly employed. 
'Pitres, higher than TOO are taken as significant. Anti- 
DNAase B and antihyaluronidase tests are very 
useful for the retrospective diagnosis oi streptococcal 
pyoderma, for which ASO is of much less value. 

The streptozyme test, a passive slide 
hemagglutination test using erythrocytes sensitised 
with a crude preparation of extracellular antigens 
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of streptococci, is a convenient sensitive and specific 
screening leit. Il bttoinirs positive iiftcr nearly aB 
types. of streptococcal infections, whether of the 
throat or the skin, 

Prophylaxis; The indication for prophylaxis in 
streptococcal infection is only in the prevention of 
rheumatic fever, This in achieved by a long-term 
administration of penicillin in children who have 
developed early signs of rheumatic fever. This 
prevents streptococcal reinfection and further 
damag e to the heart. Antibiotic prophylaxis in not 
useful for glomerulonephritis as this complication 
1 allows a single streptococcal infection, and 
reinfections do not occur. 

Treatment: All beta hemolytic group A 
streptococci arc sensitive to penicillin G, and most 
are sensitive to erythromycin.. In patients allergic 
to penicillin, erythromycin or cephalexin may he 
used, Strains resistant to- erythromycin have beer 
reported. Terracylines and sulphoEiamides are not 
recommended. Antimicrobial drugs have no effect 
on established glomerulonephritis and rheumatic 
fever. 

OTHER HEMOLYTIC STREPTOCOCCI 

Besides Sfr, pyogenes, streptococci belonging to 
groups B, C, D, F, G and rarely H, K , O and R 
may also cause human infections. 

Data from Streptococcal Reference laboratories 
in India (Lady Hirdinge Medical College, New 
Delhi; Christian Medical College, Vellore) showed 
that while approximately 45 per cent of hemolytic 
streptococcal isolates tested belong to group A, Kh- 
15 per cent belong to groups B and C each, about 
25 per cent to group G and 5 per cent to group E 

Group H 

These are important pathogens of cattle, producing 
bovine mastitis (Srr. agaJfactj'ae), From the 1960s,, 
Group B streptococcus has assumed great clinical 
importance as the single most common cause of 
neonatal meningitis in the West. Infection in the 
newborn is classified as the early onset type 


occurring within a week of birth, and the late onset 
type developing between the second and twelfth 
wee-lea of life. The mure common early unset type 
presents as septicemia, meningitis or pneumonia, 
and is often fatal- Infection is acquired from tbe 
maternal vagina during birth, In the late onset type, 
infection is more often obtained from the 
environment Other Group B infections in neonates 
include arthritis, osteomyelitis, conjunctivitis, 
respiratory infections, peritonitis, omphalitis and 
endocarditis. Group B streptococci may also cause 
adult infections, including puerperal sepsis and 
pnenmonia. 

Their ability to hydrolyse hippurate acts as a 
presumptive identification method. They may be 
identified by the CAMP reaction {Christie* Atkins 
and Munch-Petereonwhich can be demonstrated 
as an accentuated vone of hemolysis when Str. 
MgmtMr-Mmj- [ s inoculated perpendicular to a streak 
of Staph, aureus grown on blood agar. Occasional 
strains arc bacitracin sensitive. I luman pathogenic 
Group B strains possess a polysaccharide capsule 
which appears to confer virulence. Nine capsular 
serotypes have been identified, antibodies to which 
confer type specific protection. 

Group C 

Streptococci of this group are predominantly animal 
pathogens- and may he divided into four species 
biochemically. Group C strains isolated from 
human sources usually belong to Strep, eqimimihs 
species. It can cause upper respiratory infections, 
as well as deep infections such as endocarditis* 
osteomyelitis, brain abscess, pneumonia and 
puerperal sepsis. Strains arc often tolerant to 
penicillin and serious infections may not respond 
to penicillin treatment. The addition uf gentamicin 
is recommended in serious cases. It resembles .Str 
pyogenes in fermenting trehalose but differs in 
fermenting ribose. It produces streptolysin O, 
streptokinase (stntigcnieally distinct from that 
produced by Sir. pyogenes) and other extracellular 
substances, 5tr. cqvimmilis is the source of 
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streptokinase used for thrombolytic therapy in 
patients. 

< iltm I’ F 

These grow poorly on blood agar unless incubated 
under CO,. They have been called the ‘minute 

i p 

streptococci'. They ate sometimes found in 
suppurative lesions- One member of this group is 
Strep fcxraus MG which is an alpha lytic strain 
isolated from cases of primary atypical pneumonia. 
Demonstration of agglutinins to Streptococcus MG 
in sera of patients had been used as a diagnostic 
test for primary atypical pneumonia. 

Guo UP Ci 

These ate commensals in the throats of human 
beings, monkeys nr dogs. 1 hey may occasionally 
cause tonsillitis, endocarditis and urinary infections 
in human beings. 

Groups H and K sometimes cause infective 
endocard itis. 

Group O is isolated mainly from the healthy 
human throat and may cause acute tonsillitis and 
endocarditis. 

Group R strains are natural pathogens of pigs. 
They have been reported from occasional cases of 
meningitis, septicemia and respiratory infection in 
persons in contact with infected pigs or 
contaminated meat. 

Gicui f l ) $Tkf ptococoi 

These tan be classified into two groups: (1) the 
enterococcus group (emeroewei or fecal 
streptococci), which have been reclassified as a 
separate genus called Enterococcus and containing 
different species for example, £ &ccali$ r £ ikedum, 
E, damns; and {2) the nomefltetwoccal group, for 
example, Jiar. ho nr, Sir. njubut 

The enterococci possess several distinctive 
features separating them from streptococci. These 
include their ability to grow .in the presence of 
40 per cent bile, 6-5 per cent sodium chloride, It 
pH 9.6, at 45 ‘C and in 0-1 per cent methylene 


blue milk. On MacConlccys medium they produce 
tiny deep pink colonies. They are relatively beat 
resistant, surviving 60 C for 30 minutes* 
F H ntciwoffi typically appear as pairs of oval cocci, 
the ceils in a pair arranged at an angle to each 
other [Rg. 23.4}. They are usually nonhemolytic, 
though some strains may show alpha or beta 
hemolysis. 

The identification of enterococcus species is 
made on biochemical grounds. E. hecalis is the 
enterococcus most often isolated from human 
sources. E. fheoUs can be identified by its ability 
to ferment mannitol, sucrose, sorbitol and aeseiilin, 
and to grow on tellurite Hood agar producing black 
colonies. 

Enterococci arc present in the intestine, genital 
tract and saliva. They are frequently isolated from 
cases of urinary tract infection and wound infection. 
They may also cause endocarditis, infection of the 
biliary tract, septicemia, and intraabdomiud abscess 
complicating diverticulitis and peritonitis. Strain* 
resistant to penicillin and other antibiotics occur 
frequently, so it is essential to perform antibiotic 
sensitivity for proper therapy. 

Nonenterococcal species of group D (Sir, bovis, 
Str. cquimis) are generally susceptible to penicillin 
and are inhibited by 6,5 per cent sodium chloride 
« bile. They may cause urinary infection of 
endocarditis rarely. 

Tim-; VmiOANS Guot u 

This group, formerly called S trepfocotcus rindanj, 
is a miscellany of streptococci normally resident in 
the mouth and upper respiratory tract, and typically 
producing greening {alpha lysis) on blood agar— 
hence the name vindaiM. 

Some of them may be notily tic. They cannot be 
categorised under the Lancdietd antigenic groups. 

However*based on sugar fermentation, cell wall 
composition and production ofdactram and leva ns. 
they have been classified into many species, for 
example, Str. mifi% Str. mutant Str, salfV&rius, Str. 
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Gram stain of a pus smear. Plate shows Gram Gonococci in urethral discharge. Gram stain. 

positive Vidal coloured cocci in groups 

(staphylococci), in chain* (streptococci) and 

pink rods (Gram negative bacilli}. Pus calls 

show up pink stained. 




Acid fast stain (Zieh l-N eelse n stain) cl sputum, iff, fepr#; fiefrl-ffeefstin stain of Section cl Itipra nod u!e Showing 

The red rods are M. (trdercu/osis. lepra cells and characteristic arrangemenl of lepra bacilli. 
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Yersima pes-Ws. Smear from enlarged lymph gland 
from a oasu of plague Leishman Slain. 
Characteristic bipolar staining, 



Allantoic membrane showing Variola packs. 
Clear cut and white 



Negri bodies in dog's brain in rabies (hippocampus 
Ol dog) Alcoholic cosin and methylene blue stain. 



Allantoic mem&rane showing Vacein-c pocks. Note 

*negulnrtty in shape andsiio 
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Rg, 23.4 Enterococcus. Ova! cells arranged in pairs al 
an angle, or in short chains. 

They are ordinarily nonpnthogcnic bur can on 
occasion cause disease. In persons with preexisting 
cardiac lesions, they may cause bacterial 
endocarditis., Sff. sanguis being most often 


responsible. Following tooth extraction or other 
dental procedures, they cause transient bacteremia 
and get implanted on damaged or prosthetic valves 
or in a congenitally diseased heart, and grow to 
form vegetations. Prophylactic antibiotic cover L$ 
advisable in such persons before tooth extraction 
or similar procedures. While virktam strcproeocci 
are generally penicillin sensitive, some strains may 
be resistant, ft is therefore essential that in 
endocarditis, the causative strain is isolated and its 
antibiotic sensitivity determined so that appropriate 
antibiotics in adequate bactericidal concentration 
can be employed for treatment, 

5rr. mirtaiu (so called because it assumes a 
bacillary form in acid environments] is important 
in the causation of dental caries. It breaks down 
dietary sucrose, producing add and a tough 
adhesive dextran. The acid damages dentine and 
the dexfrans bind together food debris, epithelial 
cells, mucus and bacteria to form duiital plaques, 
which lead to caries. Experimental caries in 
monkeys has been prevented by a Str, mu fans 
vaccine, but its attention to human use is fraught 
with problems. 
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Pneumococcus 

(Diplococcus pneumoniae: Str pneumoniae) 



Pneumococcus, a Gram positive lanceolate 
diplococcus, formerly classified as Diplococcus 
paeumormae, has been re el as sifted as Str. 
pneumoniae because of its genetic rclatedness to 
streptococcus. Pneumococcus differs from other 
Streptococci chiefly in its morphology, bile 
solubility, optochin sensidvity and possession of a 
specific polysaccharide capsule. Pneumococci are 
normal inhabitants of the human upper respiratory 
tract. They are the single most prevalent bacterial 
agent in pneumonia and in otitis media in children. 
They can also cause sinusitis, bronchitis, infections 
baereremaa, meningitis and other infections. 

Pneumococci were First noticed in 1881 by 
Pasteur and Sternberg independently. They 
produced a fatal septicemia in rabbits by inoculating 
human silii r A and isolated pneumococci from the 
blood of the animals. But the relationship between 



Fig. 24.1 Pneumococci in pus 


pneumococci and pneumonia wan entablinhed only 
later by Fraenkcl and Weichselbaimn independently 
in 1886. 

Morphology. Pneumococci are typically small 
Cl pm), jtighdy elongated cocci, with one end broad 
or rounded and the other pointed, presenting a flame 
shaped or lanceolate appearance. They occur in 
pairs (diplococci), with the broad ends in 
apposition, the long axis of the coccus parallel to 
the line joining the two cocci in a pair. They are 
capsulated, the capsule enclosing each pair. The 
capsules are best seen in material taken directly from 
exudates and may be lost on repeated cultivation. 
In Culture, the typical morphology may not be 
apparent and the cocci are more rounded, tending 
to occur in short chains. They are nonmotile and 
non scoring. 

They am readily stained with aniline dyes and 
arc Gram positive. 7'he capsule may be 
demonstrated as a clear halo in Indian ink 
preparations or may be stained directly by special 
techniques. 

Cultural characteristics: Pneumococci have 
complex growth requirements and grow only in 
enriched media. They are aerobes and facultative 
anaerobes, the Optimum temperature being 37 4 C 
(range 25-42 °C) and pH 7.3 (range 6.5-8.3). 
Growth is improved by 5-10% CO^- 

On blood agar, after incuhation for 18 hours, 
the colonies arc small (0.5—1 mm), dome shaped 
and glistening, with an area of green discoloration 
(alpha hemolysis) around them, resembling 
colonies of Stt. iiritLtiis. On further incubation the 
colonics become flat with raised edges and central 
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umhonation, so that concentric rings arc seen on 
the surface when viewed from above (draughtsman 
or carrom coin appearance). Some strains that 
develop abundant capsular material [types 3 and 7) 
form large mucoid cokmies, 

Under anaerobic conditions, colonies on blood 
agar ate surrounded by a zone of beta hemolysis 
due to oxygen labile hemolysin O. In liquid media 
such as glucose broth, growth occurs as uniform 
turhidity- The cocci readily undergo autolysis in 
cultures due to the activity of intracellular enzymes. 
Autolysis is enhanced by bile salts, sodium lauryl 
sulphate and other surface active agents. Heat killed 
cultures do not undergo autolysis. 

Biochemical reaction a: Pneumococci ferment 
several sugars* forming acid only Fermentation is 
tested in Hiss's scrum water or serum agar slopes. 
Fermentation of inulin by pneumococci is a useful 
test for differentiating them from streptococci as 
the Latter do not ferment it 

Pneumococci are bile soluble. If a few drops of 
10% sodium dcoxyeholate solution are added to 
1 ml of an overnight broth culture, the culture dears 
due its the lysis- of the coed. Alternatively, if a Iwpful 
of 10% deoxychoEate solution is placed on a 
pneumococcus colony un blood agar the colony 
lyses within a few minutes. Bile solubility is a 
constant property of pneumococci and hence is of 
diagnostic importance. The bile solubility test is 
based on the presence in the pneumococci of an 
autolytic amidase that cleaves the bond between 
alanine and mu.ra.ntic acid in the pepfidoglycun. The 
amidase is aedvated by surface active agents such 
as bile or bile salts, resulting m lysis of the 
organism s. Thu test should be carried out at neutral 
pH using dcnxycholatc and live young cells in saline 
suspension, 

PbeufflOCDCa are catalase and oxidase negative. 
Resistance: Pneumococci are delicate organisms 
and are readily destroyed by heat (thermal death 
point 52 & C for J 5 minutes) and antiseptics. In 
cultures! they' die on prolonged incubation, perhaps 
due to an accumulation of toxic peroxides. Strains 



Fig. 24.2 Pneumococci. Indian ink preparation to 
show capsules, 

may be maintained on semisolid blood agar or by 
lyophili&ation. 

They are sensitive to most antibiotics, beta 
lactams being the drugs of choice. Almost ail strains 

were sensitive to 0,05 mg penicillin till 1967, when 
resistant strains began to appear.The resistance may 
be intermediate {MIC 1 pg) or high (2 |ig or more) 
and due to mutation or gem: transfer. The mode of 
resistance is not production of beta lactamase, but 
alteration in the penicillin binding proteins on the 
bacteria] surface. Such strains are also resistant to 
multiple drugs. A drug resistant Strep, pneumoniae 
(DRSP) strain originaling in Spain has spread to 
most parts of the world posing problems in 
tre anient. 

The sensitivity of pneumococci to optochin 
(ethyl hydrocuprein) 1/500,000 is useful in 
differentiating them from streptococci, When a disc 
impregnated with optochin is applied oil a plate of 
blood agar inoculated with pneumococci, a wide 
zone of inhibition appears on incubation, 
Antigenic properties; The most important 
antigen of the pneumococcus 3s the type specific 
capsular polysaccharide. As this polysaccharide 
diffuses into the Culture medium or infective 
exudates and tissues, it is also called the 'specific 
Soluble substance' (SSS), Pneumococci arc 
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classified into types ba$ed on the antigenic nature 
of the capsular polysaccharide. Pneumococci 
isolated from lobar pneumonia were originally 
classified into three types* 1+ II and Til, and a 
heterogeneous group IV, Members of group IV 
were later classified into types, and now more than 
% different serotypes are recognised' named 1, 2, 
3, and so on. 

Typing may be carried out by (1) agglutination 
of the cocci with the type specific antiserum; 
{2} precipitation of the SSS with the specific senim; 
or (j) by the capsule swelling reaction described 
hy Neufeld (1902). la the capsule swelling or 
L quellung' reaction (quel lung = swelling), a 
suspension of pneumococci Is mixed! on a slide with 
a drop of the type specific antiserum and a loapful 
of methylene blue solution, In the presence of the 
homologous antiserum* the Capsule becomes 
apparendy swollen., sharply delineated and reffactilc, 
The quetlung test can be done directly with sputum 
from acute pneumonia cases. It used to be a routine 
bedside procedure in the past when the specific 
antiserum was used! for the treatment of pneumonia, 

The antigenicity of the capsular polysaccharide 
i-aries in different species. 1 1 is antigenic in human 
beings; and rabbits. But in mice* large doses 
(500 pg) induce no immunological response 
(immunological paralysis), while small doses 
(0.5 fig) are antigenic. 

Pneumococci contain other antigens also— 


a nudenprofein deep inside the cell and a somatic 
'C carbohydrate antigen, both of which arc species 
specific. 

An abnormal protein (beta globulin) that 
precipitates with the somatic 'C antigen of 
pneumococci, appears in the acute phase sera of 
cases of pneumonia but disappears during 
convalescence. It algo' occurs in some other 
pathological conditions. This is known as the 'C- 
reactive protein* (CRP). Its apparent antibody-like 



fortuitous. It Is not an antibody produced as a result 
of pneumococcal infection. It is an 'acute phase 1 
substance, produced in hepatocytes. Its production 
is stimulated by bacterial infections, inflammation, 
malignancies and tissue destruction. It disappears 
when the inflammatory reactions subside. CUP is 
used as an index of response to treatment in 
rheumatic fever and certain other conditions, CRF 
testing, hy passive agglutination using Latex particles 
coated with anti-CRF antibody is a routine 
diagnostic procedure. 

Variation: On repeated subculture, pneumococci 
undergo a smooth-to-rough ($-R) variation, In the 
R form, the colonies are rough and the cocci are 
noncapsulated, autoaggluti nable and a virulent. R 
forms arise as spontaneous mutants and outgrow 
the parental S forms in artificial culture; in tissues, 
such R mutants are eliminated by phagocytosis. 

Rough pneumococci derived from capsukted 



Fig. 24.3 Draughtsman appearance of pneumococcus colonies, left: View from above lo show concentric 
rings. High!: side view in cress section. 
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cells of one serotype may be made to produce 
capsules of the same or different serotypes,, on 
treatment with DNA from the respective serotypes 
of pneumococci. This transformation, which may 
be demonstrated in vi,voor in vitro, was discovered 
by Griffith (1928) and Is of considerable historical 
interest as the first demonstration of genetic 
caching of information in bacteria. 

Toxins liihI other virulence factors: 
Pneumococci produce an nxrygen labile hemolysin 
aid a Icucocidin but these are weak and make no 
contribution to virulence. The virulence of 
pneumococci depends on its capsule and the 
production of a toxin called pneumolysin. The 
capsular polysaccharide, because of its acidic and 
hydrophilic properties, protects the cocci from 
phagocytosis. Capsulated pneumococci are not 
phagoeytosed efficiently in fluid media or exudates. 
1 her are however. Susceptible to 'surface 
phagocytosis', being engulfed against a firm surface, 
such as fibrin dot of epithelium. 

The enhanced virulence of type 3 pneumococcus 
is due to the abundance of its capsular material. 
Noncapsulated strains, are avirulcnt. The antibody 
co the capsular polysaccharide affords protection 
against infection. 

Pneumolysin, a membrane damaging toxin 
produced by pneumococci has cytotoxic and 
complement activating properties and so may be a 
virulence factor. It is immunogenic- Pncumolyrin 
negative mutants show reduced virulence in 
experimental animals. Pneumococcal autolysins, by 
releasing bacterial components in infected tissues 
may also contribute to virulence. 

Fnthotfenicity: Experimentally, fatal infection 
can be produced in mice or rabbits by intraperiloneal 
inoculation of pneumococci. Death occur in 1-3 
days, and pneumococci can Ik demonstrated in large 
numbers in the peritoneal exudate and heart blood. 

Pneumococci colonise the human nasopharynx 
and may cause infection of the middle car, paranasal 
sinuses and respiratory tract by direct spread. 
Infection of the meninges can also occur, by 


contiguity or through blood. Pneumococcal 
bacteremia may also lead to distant infections as in 
the heart, peritoneum or joints. Infection is 
commonly endogenous, but exogenous infection may 
also occur, especially with highly virulent strains, 

The commonest pneumococcal infections are 
otitis media and sinusitis, Prior respiratory infection 
or allergy causing congestion and blockage 
predispose to these conditions. Serotypes 6,14, ]9E 

and 231 are Commonly encountered in these 

■ 

conditions, in the West. 

Pneumococci are one of the most common 
bacteria causing pneumonia, both lobar and 
bronchopneumonia. They also cause acute 
tracheobronchitis and empyema. 

Aspiration of nasopharyngeal secretions 
containing pneumococci into the lower respiratory 
tract is a common event and may occur even in 
sleep. Normal mucosal defence mechanisms such 
as entrapment, expulsion and the cough reflex, aided 
by the ciliary escalator effect prevent establishment 
of infection. When the normal defences are 
compromised by viral infection, anesthesia, chilling 
or other factors, pneumococci miltiply, penetrate 
the bronchial mucosa and spread through the lung 

along peribronchial tissues and lymphatics. 
Bacteremia is common -during the early stage of 
lobar pneumonia. Toxemia is due to the diffusion 
of the capsular polysaccharide into the blood and 
tissues. The fall of temperature by crisis and relief 
of symptoms coincide with the neutralisation of 
the SSS by anti capsular antibodies. 

In adults, types 1-8 are responsible for about 
75 per cent of cases of pneumococcal pneumonia 
and lor more than 50 per cent of all fatalities due 
Id pneumococcal bacteremia. In. children, types 6, 
14, 19 and 23 are frequent causes. 

Bronchopneumonia is almost always a secondary 
infection. Tins may be Caused by any serotype of 
pneumococcus, The damage to the respiratory 
epithelium and excessive bronchial secretion* 
caused by the primary infection facilitate the 
invasion of pneumococci along the bronchial tree. 
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Bronchopneumonia is frequently a termini event 
in aged dnd debilitated patients. 

Pneumococci are commonlv associated with the 
acute exacerbations in chronic bronchitis. The 
copious respiratory secretions in chronic bronchitis 
aid pneumococcal invasion. Another bacterium 
commonly associated, with this condition is 
Haemaptuka tnfhcnzac. 

.Meningitis is the most serious ol pneumococcal 
infections, it Is usually secondary to other 
pneumococcal infections such as pneumonia,, otitis 
media, sinusitis or conjunctivitis but in a proportion 
of cases, other foci of infection may not he 
demonstrable. Pneumococcal meningitis occurs at 
all ages. I Intreattd cases are almost invariably fatal. 
Even with antibiotic therapy, the case fatality rate 
is about 25 per cent. 

Pneumococci may also produce suppurative 
lesions in other parts ol the body — empyema,, 
pericarditis, otiris media, sinusitis, conjunctivitis, 
suppurative arthritis and peritonitis, usually as 
complications of pneumonia. 

Epidemiology; Natural infection with 
pneumococci has been reputed In some species of 
animals such as guinea pigs but they have little 
relation to human disease. The source of human 
infection is the respiratory tract of carriers and less 
often, of patients. Pneumococci occur in the throat 
of approximately half the population sampled at 
any one time, They are transmitted from one to 
another by lingers or bv inhalation oi contaminated 
droplets or droplet nuclei. Dissemination is 
facilitated by crowding. 

Infection usually leads only to pharyngeal 
carriage. Disease result? only when the host 
resistance is lowered by contributory factors such 
as respiratory viral infections., pulmonary 
congestion, stress, malnutridon, immunodeficiency 
or alcoholism. Splenectomy and sickle cell disease 
are important predisposing conditions. 

Pneumococcal serotypes vary greatly in 
virulence. The case fatality rates of pneumonia 


may vary according to the virulence of the infecting 
serotype, Type 3 is the most virulent,. 

Lobar pneumonia is usually a sporadic disease 
but epidemics tnav occur among closed communities 
as in army camps. The incidence of 
bronchopneumonia increases when ail epidemic of 
influenza or other viral infection of the respiratory 
tract occurs. Cases are more common in winter and 
affect the two eiUeiLK age groups more often. 
Laboratory diagnosis: The clinical diagnosis 
of pneumonia is easy but as the disease may be 
caused by several different microorganisms, 
etiological diagnosis should be made hy laboratory 
tests- This is of great importance in treatment. 

In the acute phase of lobar pneumonia, the 
rusty sputum contains pneumococci in large 
numbers, with hardly any other kind of bacterium. 
They may he demonstrated by Gram stain. In the 
preantibiotic era, direct se-rolyping of pneumococci 
in wet films of sputum by the qucllung test was a 
routine bedside test because- success of treatment 
depended on administering the specific antiserum. 
In later stages of the disease, pneumococci are less 
ahundant. 

The sputum, after homogenisation if necessary, 
is inoculated on blood agar plates and incubated at 
37 “C under 5-10 per cent CO z . Growth occurs 
after overnight incubation. Where sputum is not 
available, as in infants, scrum-coated laryngeal swabs 
may be used for culture. Isolation from respiratoiy 
secretions is facilitated by using blood agar 
containing- grcitumiem 5 pg/ml. 

From specimens where pneumococci are 
expected to be scanty isolation may be obtained by 
intrapericoneal inoculation in mice, even if cultures 
are negative. Inoculated mice die in 1—3 days, and 
pneumococci may be demonstrated in the peritoneal 
exudate and heart blood. The test may be negative 
with occasional strains that ire avirulcnt for mice 
(type 14 strains). 

In the acute stage ol pneumonia,. the organism 
may he obtained from blood culture in glucose 
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Table 2J-1 Olffereniialion between Sfr. pneyjrtontee and $fr- WrttMU. 



$tti pneumoniae 

Sir. virfctuns 

Morphology 

Capsulired, lanceolate 
djpLococci 

Nomcapwdared, oval 
or round cells Ln chains 

Queiiung rest 

Positive 

Negative 

Colonies 

Initially dome-shaped, 
later,"draughtsman' colonics 

Dome-shaped 

Growth in liquid media 

Uniform turbidity 

Granular turbidity, 
powdery deposit 

Bile solubility 

Invariably positive 

Invariably negative 

Inulin, fcrmcniarion 

Positive 

Negative 

Qprochin sensitivity 

Positive 

Negative 

Intrapcnioneal inoculation 
in mice 

Fatal infection 

Non pathogenic 


hroth. Isolation. of pneumococci from blood 
indicates bad prognosis. 

In acute otitis media pneumococci may be 
demonstrated in the fluid aspirated from the middle 
car 

In case of meningitis* presumptive diagnosis 
imy be made fiuin.Gfa.ni stained films ofCSF. Gram 
positive diplococei can be seem both inside the 
polymorphs and evtraccllularly. Diagnosis is 
confirmed by culture. In cases which are negative 
by culture, it may be possible to establish the 
diagnosis by demonstrating the SSS in CSF by 
precipitation with antisera. 

Capsular polysaccharide can be demonstrated 
in the binod, urine and cerebrospinal fluid by 
■counterimmunoetecTrophoresis. Antibodies can be 
demonstrated by agglutination, precipitation, mouse 
protection tests and bactericidal tests with whole 
blood. Indirect hemagglutination, indirect FA test 
and radioimmunoassay have been employed. 
Prophylaxis: Immunity is type specific and 
associated with antibody to the capsular 


polysaccharide. The existence of Mine 90 serotypes 
makes a complete polyvalent vaccine impracticable, 
A polyvalent polysaccharide vaccine representing 
the capsular antigens of 23 most prevalent serotypes 
has been stated to give 80-90 per cent protection, 
1 1 is not meant for general use, but only in persons 
at enhanced risk of pneumococcal infection such 
as those with absent or dysfunctional spleen, sickle 
cell disease, coeliac disease, chronic renal, lung, 
heart and liver diseases, diabetes me I! litus and 
immunodeficiencies including HIV infection. It is 
not recommended in children under two years of 
age and those with lymphorericular malignancies 
and immunosuppressive therapy. 

TrefllrnetiLThc antibiotic of choice is parenteral 
pcnidllin in serious cases and amoxycillin in milder 
ones, provided the infecting strain is penicillin sensitive. 
Many penicillin resistant strains arc also resistant to 
other antibiotics like erythromycin and tetracycline. 
A third generation cephalosporin is indicated in such 
cases. Vancomycin is to be reserved for life threatening 
illnesses with highly resistant strains. 


Further Reading 
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Neisseria 


The genus [Meissen a consists of Gram negative 
aerobic nonsporulating, nonmoiile, oxidase positive 
toed typically arranged in pairs (diplocoed), 
Besides the two important pathogens, jY. 
nTcflm^irjcJjfi and jY. gonorrhoea e, the genus 
contains rmny other species such as jY. lacfcmifca 
that occur as commensals in the mouth or rhe upper 
respiratory tract. 

NEISSERIA MENINGITIDIS 

(Meningococcus, /Jj'pJococcws mtTaccfiuhris 
meningitiilii) Meningococcus was first described 
and isolated in 1387 by Weiehselbaum from the 
spinal fluid of a patietit. 

N.meningitidis causes meningococcal 
meningitis (formerly also known as cerebrospinal 
fever) which may occur sporadically, hh localised 
outbreaks or an epidemics, and also septicemia. 
Morphology’ Meningococci arc Gram negative 
oval or spherical cocci 0.6-0,8 pm in size, 
typically arranged in pairs, with rhe adjacent sides 
flattened (Fig. 25.1), The long axis of the coccus is 
at right angles co a line joining rhe two cocci in 
a pair. Considerable variations occur in size, 
shape and staining properties, especially in older 
cultures, due to autolysis. In Smears front lesions, 
the cocci are more regular and generally 
intracellular, They arc non motile. Most fresh 
isolates are capsulated. 

Cultural L-hLiructcrijhtics: Meningococci 
have exacting growth requirements and do not grow 
on ordinary media. Growth occurs on media 
enriched with blood, serum or ascitic fluid, which 
promote growth bv neutralising certain inhibiting 



Fig. 25.1 Meningococcus In liuld- Inset 

- enlarged view to show flat e sides of the 

HEd. 

substances in' lit n c Ole. 1 l on hr r rh: i bv j >n ivk I i ng 

•additional nutritional needs. 

They are strict aerobes, no growth occurring 
anaenibically. The optimum ten i aturc tor growth 
is 35-36 ^C, No growth takes place below 30 U C. 
Optimum pH is 7.4—7.ft„ * iiowth is facilitated by 
5-10 per cent COj, and high humidity, 

On solid media, after in- ib.uion for 24 hours, 
the colonies are small (about 1 n ii in diameter) 
translucent, round, convex, bluisl grey, with a 
smooth glistening surface and v. irl entire edges. 
The colonies are typically I>. 1 1 rI i« 'll in shape, 
butyrous In consistency and emulsifiable. 

Weak hcmol-ysis occurs on blond jgar. Smooth and 
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ro ugh types of colonies are found. Growth is poor 
in liquid media, producing a granular turbidity with 
little or no surface growth, 

BW ajiptr, chocolate agar and MuellereHinton 
starch casein hydrolysate agar ate the media 
commonly used for culturing meningococci. 
Modified Thayer-Martin {with vancomycin, 
oslistin and nystatin) is a. useful selective medium. 
Biochemical read ions: They arc catalase and 
oxidase positive. The prompt oxidase reaction helps 
the identification of neisseria (both meningococcus 
and gonococcus) in mixed cultures. When freshly 
prepared 1% solution of oxidase reagent {tetrameihyl 
paraphenyiene diamine hydrochloride) is poured 
on the culture media, the neisseria colonies cum 
deep purple. Subcultures should be made 
immediately, as the organism dies on prolonged 
exposure to the reagent. The test may also be 
performed by rubbing a tittle of the growth with a 
loop cm a strip of filter paper moistened with the 
oxidase reagent (Kerne's method). A deep purple 
colour appears immediately. 

Indole and hydrogen sulphide ate not produced 
and nitrates are not reduced- Glucose and maltose 
are utilised, but not sucrose or lactose, producing 
acid but no gas (gonococci acidify glucose but not 
maltose). Acid formation by cieisseriae is weak, 
being oxidative and therefore best tested on peptone 
scrum agar slopes containing the sugar and 
indicator. 

Anli|enk’. properties and ulassifluftiiora; 
Meningococci are capsulated, unlike other 
neisseriae. Based on their capsular polysaccaride 
intigens, meningococci are classified into at least 
13 senogroups, of which Groups A, B and C are 
the most important. Group A is usually associated 
with epidemics and Group C mostly with localised 
outbreaks, while Group B causes both epidemics 
and outbreaks. Groups 29-E, W-135 and \ also 
frequently cause meningitis. Any serugtOUp may 
colonise the nasopharynx, but these six groups 
account for rlie large majority of meningitis. 
Serngmups are further classified into setorypes and 


subtypes based on outer membrane proteins and 
polysaccharides. 

licsisUinee: Meningococci arc very delicate 
organisms, being highly susceptible to heat, 
dessicatioil, alterations in pH and to disinfectants. 
They were uniformly sensitive to penicillin and 
other antibiotics, hut resistant strains have emerged 
and become common iQ many areas. 
Pathogenicity: Cerebrospinal meningitis and 
merungoooccal septicemia are the two main types 
of meilinguCuccal disease. Meningococci are strict 
human parasites inhabiting the nasopharynx. 
Infection is usually asymptomatic. In some, local 
inflammation ensues, with rhinitis and pharyngitis. 
Dissemination occurs only in a small proportion. 

The manner in which the cocci spread from 
the nasopharynx to the meninges may be directly 
along the perineural sheath of the olfactory nerve, 
through the cribriform plate to the subarachnoid 
space, or more probably, through the bloodstream. 
In certain cases the site of entry of the 
meningococcus, may be the conjunctiva. Cases of 
meningococcal purulent conjunctivitis occur. On 
reaching the central nervous system, a suppurative 
lesion of the meninges is set up, involving the surface 
of the spinal cord as well as the base and cortex of 
the brain. The cocci are invariably found irt the 
spinal fluid, both fret and within the leucocytes. 
Case fatality is variable but in untreated cases may 
be m high as SO per cent. Survivors may have 
sequelae such as blindness and deafness. Some cases 
develop chronic or recurrent meningitis. 

MenmgutoLcciTuu presents as acute fever with 
chills, malaise and prostration. Typically a petechial 
rash occurs early in the disease- Meningococci may 
be isolated from the petechial lesions. Metastatic 
involvement of the joints, ears, eyes, lungs and 
adrenals may occur. About 10 per cent develop 
pneumonia. 

A few develop fulminant meningococcctnia 
(formerly called Waterhouse-Friderichsen 
syndrome) which is an overwhelming and usually 
fatal condition, characterised by shock, disseminated 
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intravascular coagulation, and multisystem failure. 
Rarely chrome meningocoecemia may be seen. 
Meningococcal disease is favoured by deficiency 
of the terminal complement components {C5-C9}. 

The pathogenic agent in meningococcal disease 
appears to be the endotoxin (LPS) released by 
autolysis. The vascular endothelium is particularly 
sensitive to the endotoxin. All major inflammatory 
cascade systems its well as cytokines and nitric oxide 
are triggered and upregulatetL In fulminant cases 
adrenal hemorrhage and profound shock arc 
present 

Natural infection is limited to human beings, 
[ntraspinal inoculation of Large numbers of cocci 
may produce a picture of meningitis in monkeys- 
[ntraperitoneal inoculation of the cocci suspended 
in hog gastric mucin, brings about a fatal infection 
in mice. 

Epidemiology: The human nasopharynx is the 
only reservoir of the meningococcus. Asymptomatic 
nasopharyngeal carriers rarely contract the illness 
hut serve to infect their contacts. Transmission is 
essentially by airborne droplets or less often by 
fomites. During interepidcmic periods, the carrier 
rate k about 5-10 per cent. An increase in carrier 
rate heralds the onset of an epidemic. During 
epidemics the carrier rates in closed communities 
may go up to % per cent. Meningitis is common 
m children between 5 months and 5 yeans of age. 
Epidemics usually occur in seitiiclosed communities 
living in crowded Conditions, as in, jails and ships 
formerly, and in army camps in recent rimes. 

Prevalence of meningitis is highest in the 
'meningitis belt of Africa'stretching from Ethiopia 
to Senegal. Frequent epidemics have occurred here. 
One of the largest was iq 1996, when 156,QUO cases 
and 15,000 deaths were reported. 

Laboraiory disighoNis: The primary agents 
causing purulent bacterial meningitis are 
meningococci, pneumococci and Haemophilus 
inflmnrjtc type b. Other important causative agents 
are group B streptococci, staphylococci, Exhcrkhia 
mis and Listeria monocytogenes. 


It is necessary to establish the specific etiology in 
purulent meningitis for proper treatment. In 
meningococcal meningitis, the cocci arc present in 
large numbers in the spinal fluid and h in the early 
stage,, in the blood as well. Demonstration of 
meningococci in the nasopharynx helps m the 
detection! of earners, 

1. f’.'x.umrui.fjoji of t'SP: The fluid will be under 
pressure and turbid, with a large number of pus 
cells, For bacteriological examination, if a 
sufficient quantity is available, the CSF is 
divided into three portions. One portion is 
centrifuged and Cram stained smears are 
prepared from the deposit. Meningococci will 
be seer mainly inside polymorphs but often 
extract llulariy also. This presumptive diagnosis 
is sufficient to start antibiotic treatment. The 
supernatant will contain meningococcal antigen, 
which may be demonstrated by latex 
aggluti nation or counterimmunoelectrophoresis 
using meningococcal antisera. Similar tests arc 
also available .or pneumococcus, H. httlueazae 
type b and Group B streptococcus antigens. 
Antigen detection is particularly useful in 
partially treated patients in whom smear and 
culture tests may be negative, The second 
portion of the CSF it inoculated on blood 
agar of chocolate agar plates and incubated at 
35—36 £ c under 5—10%. CCfr Colonics appear 
after IS—24 hours and may be identified by 
morphology and biochemical reactions. It is 
important to remember that morphologically 
similar organisms such as jV. /JavoWRy, N, J?ava 
and Acinetobacter may also cause purulent 
meningitis occasionally. The isolated 
meningococcus may he grouped, if required, by 
agglutination with the appropriate sera. The 
third portion of CSF is incubated overnight, 
either as it is or after adding an equal volume of 
glucose broth and then subcultured on 
chocolate agar. This method may sometimes 
succeed where direct plating fails. 

2. .' F cuitimt; In meningpeucurmia and in early 
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cases of meningitis, blood culture is often 
positive. Cultures should be incubated For 4rl 
days, with daily subcultures. Meningococcal 
antigens can be found in the blood in active 
disease. 

3. Naaophifyngeai wab; This is useful for the 
detection of carriert. Sampling should be done 
without contamination with saliva. The swab 
should be held in a suitable transport medium 
(for example, Stuart’s) till it is plated. 

4. Petechia/ lesions: Meningococci may 
sometimes be demonstrated in petechial lesions 
by microscopy and culture. 

5. dutspsy At autopsy, specimens may be collected 
from the meninges, lateral ventricles or the 
surface of the brain and spinal cord for smear 
and culture. Meningococci may die if specimens 
are not collected within twelve hours of the 
death of the patient. 

6. fiermsperbwe evidence Retrospective evidence 
of meningococcal infection may he obtained by 
detection of antibodies. 

7. Molecular diagnosis: Group specific diagnosis 
oi infection Can be made by detect ion of 
meningococcal l)NA sequence in CSF or blood 
by PCR amplifications. 

Treatment: Prompt treatment is essential to 
ensure recovery without sequelae. Sulpbonamides, 
once the mainstay, are not used now due to 
widespread resistance. Intravenous penicillin G is 
the treatment of choice. Chloramphenicol is equally 
effective. One of the later cephalosporins 
(ceftriaxone, ceftazidime) may be used for the 
initiation of treatment before the etiology of 
meningitis is known. 

After the initial course of treatment, cradicarive 
therapy is to be given with rifampiein or 
ciprofloxacin to free rhe nasopharynx of the cocci 
and prevent carrier state. 

Prophylaxis: Sulphonamides are not effective 
due to resistance. Penicillin is unable to eradicate 
the carrier state. Rifampiein or Ciprofloxacin is 
recommended for chemoprophylaxis. As attack rates 


arc very high in the household or close contacts of 
meningococcal patients, they should be provided 
with chemoprophylaxis. 

Monovalent and polyvalentvaccines are available 
Containing the capsular polysaccharides of groups 
A, C, W-135 and Y. Tfie vaccines induce good 
immunity after a single dose in older children and 
adults hut are- of little value in children below 
3 years. The immunity is group specific. There is 
no Group B vaccine available at present. 

NEISSERIA GONCRRHOEAE (GONOCOCCUS) 

jV. gonorrhoeae causes the venereal disease 
gonorrhea. The gonococcus was first described in 
gonorrheal pus by Ncisscr in 1879, Bumm in 1885 
cultured the coccus and proved its pathogenicity' 
by inoculating human volunteers. Gonococci 
resemble meningococci very closely in many 
properties. 

Morphology: In smears from the urethral 
discharge in acute gonorrhea, the organism appears 
as a diplococcus with the adjacent sides concave, 
being typically kidney-shaped. It is found 
predominantly within the polymorphs, some cells 
containing as many as a hundred cocci. 

Gonococci possess pi Li on their surface. Pili 
facilitate adhesion o± the cocci to mucosal surfaces 
and promote virulence by inhibiting phagocytosis. 
Filiated gumjcocci agglutinate human red blood 
cells but not red cells from other mamm ids. The 
hemagglutination is nor inhibited by mannose. 
Cultural characteristics: Gonococci are 
more difficult to grow than meningococci. They 
are aerobic but may grow anaerobically also. 
Growth occurs best at pH 7,5—7.ft and at a 
temperature of 35-36 "C. It is essential to provide 
5-10% GOj. They grow well on chocolate agar 
and Mueller-Hinton agar. A popular selective 
medium is the Thayer-Martin medium (containing 
vancomycin, colistin and nystatin) which inhibits 
most contaminants including nonpathogenic 
neisseria. 

Colonies arc small, round, translucent, convex 
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or slightly umbonatc, with finely granular surface 
and lobue margins. They are soft and easily 
emulsifkblc. 

Four types of colonies have been recognised - 
Tl to T4. Types 1 and 2 form small brawn colonies. 
The COCCi an' piliated, auCoagglutinahlc and virulent. 
Types 3 and 4 form larger, granular, nonpigroented 
colonies, T3 and T’4 cocci are nonpiliatcd, form 
smooth suspensions and are amrulenf. Fresh isolates 
from acute cases of gonorrhea generally form Tl 
and T2 colonies. On serial subculture., they cha nge 
toTo or'1'4 colonial morphology.Tl andT2 types 
are also known as P" and P", respectively, while 
Tj and T 4 are known as P". 

MifhOhemicnl resretitinss Gonococci resemhle 
meningococci except in the effect on maltose. 
Gonococci acidify only glucose and not maltose, 
Antigen ic properties: Gonococci arc 
antigtmcallv heterogeneous. 1 hey arc capable yf 
changing their surface structures in vitro, They 
probably do so in vivo as well, to avoid host defence. 
The surface structures include the following: 

Pili which are hairlike structures several 
micrometres long, act as virulence factors by 
promoting attachment to host cells and inhibiting 
phagocytosis, Pili are composed of repeating peptide 

subunits 1 piling) consisting of conserved (constant) 
and variable regions. Pili undergo antigenic and 
phase variation. 

The trilaminar outer membrane of gonococci 
contains many different proteins. Protein 1 is the 
major constituent anti shows antigenic diversity, 
which helps in typing gonococcal strains. Protein I 
of a single Strain ii antigenieaUy constant, though 
ic shows considerable heterogeneity between 
different strains. There are two variants of protein L, 
called IA and IB, Any one strain carries only either 
LA or IB but not both. Using monoclonal antibodies 
to protein 1 epitopes, gonoewei can be classified 
into several scrovars, Al to 24 and Bl to 32. 

Proteins I and III act as Ligands attaching the 
coccus, to the host cells. Thev also form 
trsmsmembfane channels (poms) which play a role 


in the exchange of molecules across the outer 
membrane. 

Protein II is related to the opacity of the 
gonococcal colonies and so is called the 'opacity 
associated’ (OPA) outer membrane protein. Strains 
with the OPA protein form opaque colonies and 
those lacking it transparent colonies*. A strain may 
express 0 to 3 serological varieties of the OPA 
protein at a rime. OPA may be responsible for 
attachment to the host ceils and also for the 
clumping af cocci seen in urethral exudate smears. 

The outer membrane also contains 
lipopolysaccharide (endotoxin) which may be 
responsible for die toxicity in gonococcal infections, 

M any other proteins of poorly defined roles in 
pathogenicity have beer described. Both gonococci 
and meningococci elaborate IgAl protease that 
splits and inactivates IgA. 

Resistance: The gonococcus is a very delicate 
organism, readily killed by heat, drying and 
antiseptics. It is a strict parasite and dies in 1-2 
hours in exudates outside the body. 

In cultures, the coccus dies in 3-4 days but survives 
in slant cultures, at 35 °'C if kept under sterile paraffin 
oil. Cultures may he stored for years if frozen 
quickly and left at -70 'C. 

I':. l i 11 ■. _i ■ 11 .. ■ i i: Gonorrhea is a venerea! disease 
which has been known from ancient times-, lire 
name gonorrhea (meaning, flow of seed) was first 
employed by Galen in 130 AD. 

The disease is acquired by sexual contact. Hie 
first step in infection is adhesion of gonococci to 
the urethra or other mucosal surfaces. Pili are 
involved in this adhesion- Adhesion is rapid and 
firm so that micturition after exposure offers no 
protection against infection. The cocci penetrate 
through the intercellular spaces and reach the 
subepithelial connective tissue by the th ird day after 
infection. The incubation period is 2-8 days. In 
men, the disease starts m an acute urethritis with a 
mucopurulent discharge containing gonococci in 
large numbers. The infection extends along the 
urethra to the prostate, seminal vesicles and. 
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epididymis. Chronic urethritis may lead to stricture 
formation. The infection may spread to the 
periurethral issues, causing ahsccHscs and multiple 
discharging sinuses ('watercan perineum 1 ). 

In women, the initial infection involves the 
urethra and cervix uteri. The vaginal mucosa is not 
usually affected in adults because the stratified 
squamous epithelium is resistant to infection by the 
cocci. and. also because a± the arid pH of vaginal 
secretions. (Vulvovaginitis occurs in prepubertal 
girls). The infection may extend to Bartholins 
glands, endometrium and fallopian tubes. Pelvic 
inflammatory disease and salpingitis mav lead to 
sterility. Rarely, peritonitis may develop with 
pc rihcpi tic inf] a m m a t \ on (Fit*—11 ugh-C unis 
syndrome). Clinical disease is as a rale less severe 
in women, many of w hom may cany gonococci in 
the ccndx without any symptoms. Asymptomatic 
carriage of gonococci is rare in men. 

Proctitis occurs in both sexes. It may develop 
by direct contiguous spread in women but in men 
it usually the result of anal sea. Conjunctivitis may 
occur, usually due to autninocuialicm by the patient's 
fingers. Blood invasion may occur from the primary 
site of infection and may lead to metastatic les ions 
such as arthritis, ulcerative endocarditis and very 
rarely meningitis-. Occasional cases of pyemia have 
been neported 

A non venereal infection is gonococcal 
ophthalmia in the newborn, which results from 
direct infection during passage through the birth 
canal. Gonococcal bacteremia leads to skin lesions, 
especially hemorrhagic papules and pustules on the 
bands, forearm, feet and legs, and to tenosynovitis 
and suppurative arthritis* usually of the knees* ankles 
and wrists. 

Gonococci contain several plasmids. Ninety-five 
per cent of the strains haw a small cryptic plasmid 
of unknown function. Two other transmissible 
plasmids contain genes that code fen beta lactamase 
which causes resistance to penicillin- 
iipitlcnnoiogy: Gonorrhea is an exclusively 
human disease, there being rta natural infection in 


animals. Experimental disease may be produced in 
chimpanzees by urethral inoculation. A lethal 
infection can he produced in mice hy intracerebral 
inoculation. 

The only source ©j infection is a human carrier 
or less often * patient The existence of asymptomatic 
carriage in women makes them 2 reservoir serving 
to perpetuate infection among their male contacts. 
The modi nf infection is almost cxdu&ivrlv venereal. 
Fomitcs do not play any significant role, as the cocci 
die rapidly outside the human body. The only 
non venereal infection is ophthalmia neonatorum. 
Once very common, thin has been controlled by 
the practice of instilling 1% silver nitrate solution 
into the eyes of aU newborn babies (Grade's method). 

When sulphonamides, and later penicillin, were 
found very effective for the treatment of gonorrhea, 
it was hoped that the disease could be eradicated. 
1 iowever, after a temporary decline, its incidence 
has been rising steeply. In 1970, the global incidence 
of new cases was estimated at 16 million, making 
it one of the most common infective diseases. In 
same ureas, gonorrhea has reached epidemic 
proportions, especially in adolescents and young 
adults, The reasons for the increase in gonococcal 
infection are largely social and cultural. In the 
I9B0s, with the AIDS scare, there was a noticeable 
decline in the incidence of gonorrhea, hut this has 
not been kept up, A higher incidence of gonorrhea 
has been observed in persons belonging no blood 
group B. The basis for this is not known. 
Laboratory diagnosis: In the acute stage, 
diagnosis can be established readily but chronic 
cases sometimes present great difficulties, In acute 
gonorrhea the urethral discharge contains 
gonococci in large numbers. The meatus is cleaned 
with a gauze soaked in saline and a sample of the 
discharge collected with a platinum loop for culture, 
or directly on slide for smears. In women* besides 
the urethra! discharge, cervical swabs should also 
be collected. This should he clone ©arefuLIv, using a 
speculum. High vaginal swabs are not satisfactory, 

In chrome infections, there may not be any 
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urethral discharge. The 'morning drop' of secretion 
may be examined or some exudate may be obtained 
after prostatic massage.. It may also be possible to 
demonstrate gonococci in the centrifuged deposits 
of urine in cases where no urethral discharge is 
available. 

The demonstration of intracellular Cram 
negative diplococci in stained smears provides a 
presumptive evidence of gonorrhea in men. It has 
to be emphasised that diagnosis of gonorrhea by- 
smear examination is unreliable in women as some 
of the normal genital flora have an essentially 
similar morphology. The use of fluorescent 
antibody techniques for the identification of 
gonococci in smears has increased the sensitivity 
and specificity of diagnosis by microscopy, 

For culture, sped mens should be inoculated on 
prcwirmcd plates, immediately on collection. If this 
is not possible, specimens should be collected with 
charcoal impregnated swabs and sent to the 
laboratory in Stuart's transput medium. In acute 
gonorrhea, cultures can be obtained readily on 
chocolate agar nr Mueller-Hinton agar incubated 



Fig. 25.2 Gonococci in urethra ?us. Inset: enlarged 
view lo show kidney shaped dells with adjacent 
surfaces concave. 


at 35-36 E c under 5-10% CO^ In chronic cases, 
where mixed infection is usual and in the 
examination of lesions such as proctitis, however, 
it is better to use a selective medium such as the 
Thayet^Martin medium. The growth is identified 
by morphology and biochemical reactions. 

It may not be possible to obtain gonococci in 
culture from some chronic cases or from patients 
with metastatic lesions such as arthritis. Serological 
tests may be of value in such instances. The 
complement fixation lest has been used with varying 
degrees of success. It becomes positive only some 
weeks after the infection is established and may 
remain positive for months oryeart after the disease 
has been cured. The test may also be positive 
following meningococcal infections. It is necessary' 
to use a polyvalent antigen because of the antigenic 
heterogeneity of the gonococcal strains. The test is 
not suitable for routine use. Many other serological 
tests have been attempted, including precipitation, 
passive agglutination, immunofluorescence, and 
radioimmunoassay using whole-cell lysate, piles 
protein and lipopolysaccharide antigens, However, 
no serological test has been found useful for routine 
diagnostic purposes, 

Treatment: In 1935, when sulphonamldes were 
introduced for treating gonorrhea, all strains were 
sensitive to the drug but resistance developed 
rapidly. Again, when penicillin was introduced, all 
strains were highly sensitive [MIC 0.005 unit/ml). 
From 1957, strains with decreased susceptibility 
(MIC higher chan 0,1 unit/ml) became common. 
As patients infected with such strains did not 
respond to the usual doses of penicillin, very large 
doses of penicillin, 2.4—4.fi million units were used. 
From 1976, gonococci producing lactamase 
(penicillinase) have appeared, rendering penicillin 
treatment ineffective, These penial! inssc-producing 
IV, gononrhoeae (FPNG) have spread widely. 

The Centers for Disease Control and Prevention, 
USA in 1993 recommended the following schedule 
for uncomplicated gonorrhea: Ceftriaxone 125 mg 
single 1M dose or Ciprofloxacin 500 mg (or 
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Ofloxacin 400 mg) single oral dose, plus 
Doxy cycli lie 100 mg twice daily for 7 days, or 
Erythromycin 1 g single oral dose. Tlie rej^men is 
costly but works very well against gonococci and 
the frequently coexisting chlamydial infection. 
Prophylaxis: Control of gonorrhea consists of 
early detection of cases, contact tracing, health 
education and other genera! measures. As even 
clinical disease does not confer any immunity, 
vaccination has no place in prophylaxis,. 

NONGONOCOCCAL {NONSPECIFIC} URETHRITIS 

Along with an increase in the incidence of 
gonorrhea, there lias also been an increase, in recent 
years, of cases of chronic urethritis where gonococci 
cannot be demonstrated. This has been called 
ilongunoccjccal or nonspecific urethritis. In sortie: 
of these, urethritis forms part of a syndrome 
consisting of conjunctivitis and arthritis in addition 
(Reiter's syndrome). Some of these cases may be 


due to gonococcal infection, the cocci persisting as 
L-forms and hence undetectable by routine tests. 
The majority of such cases are, however, the result 
of infections of diverse etiology. The most important 
of these arc CA/am. tradronutit, Lfreapias/irs 
urcahtjcum and Afyt’opitfijjj Jraircmis. 1 Icrpcs virus 
and cytomegalovirus may also account for some 
cases. Urethritis may also he caused by other 
bacteria (for example, Gardncrella vaginalis, 
Adnetobacter Iwofli, Ac. cidcoitceticusj, fungi 
['Candida albicans.), protozoa (Trichomonas 
vaginalis), or even by mechanical or chemical 
irritation. As etiological diagnosis is seldom 
achieved, the management of this syndrome is 
difficult, 

COMMENSAL NEISSEflIAE 

Several species of Ncisscriac inhabit the normal 
respiratory tract. The characteristic features of some 
of the common species are listed in Table 25,1. 


Table 25.1 Differential characteristics of Neisseriae 


Species 

Colonies 

Gro-mh 



Fermentation 

Serological 

classification 


On At 

jmtricnf 22*C 

*g a r 

Glucose Maltese Sucrose 

N. menigitidii 

Round, imoodt, 
shiny, creamy 
cunsistencv 



A 

A 

Thirteen 

antigenic 

groups 

IS. gonorrhoea? Same as above, 
bur smaller and 
more opalescent 



A 


Antigenlrallv 

heterogenous 

jV. flavescens 

Resemble 
meruTig-ocaciriJS but 
pigmented yellow 

+ 

+ 



Antigenically 

distinct 

homugenerms 

a«wp 

N, sicca 

Small, dry, opaque, 
wrinkled. brittle 

* 

+ 

A 

A A 

Aumoggfc unable 

jV. catajrfiaijfs 
fftranrisTmeifii 
eararrhalii) 

Variable, smooth 
and translucent or 
adherent and 
opaque, not easily 
ernulsi bahle 

# 

+■ 
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Their pathogenic significance is uncertain though 
some of ihcm (for example* N. flare&cens, IV.. 
cafacrhaJj's) have been reported occasionally as 
having caused meningitis. 

S. iactamica, frequently isolated from the 
nasopharynx is closely related to meningococci, 
though it is virtually avjjrylent It differs from 
pathogenic neisseiiae in being positive in the 
ONPG test for beta gaJaetosLtlase., Nasopharyngeal 


colonisation by jV. la eta mica in young children may 
be responsible for the presence in them of antibodies 
protective against meningococcal infection. 

Neisseria catarrhal is is now classified as 
Momxclla (Branhamelfa) catarrhatis. It is an 
opportunistic pathogen capable of causing laryngitis* 
bronchopneumonia, meningitis, sinusitis and middle 
ear disease, 


Further K cm din | 

Britigan BE and PF Sparling 1985. Gonococcal infection. New Engl J Med. 112:168:1. 
Cartwright K {ed) 1995. Meningococcal Disease, Chichester: johfl Wiley, 

Mon+c SA *11989. fcrspecfivei cm | , li!:..,-lii:.' Ncissetin ypp. CUn Mkrrtbivf Key 2 (Suppl-tS), 
RcKntitdn NC et al. 2001, MeninKioxti] diseases, New EngJ JMed, 334:1178 
TunkeE AR and MW Scheld. 1995. Acute bacterial meningitis. Lancet, 346:1675. 


Copyrighted material 



CO 

CM 


CutynebiiLtGrii are Grain positive, rumacid fast, 
nonmotile rods with irregularly stained segments, 
anct sometimes granules. They frequently show dub 
shaped swellings and hence the name 
coiyncbacteria (from corym:, meaning dub). The 
most important member of the genus is 
C- diphtheriae, the causative agent of diphtheria. 

Diphtheria has been known from ancient times. 
Aictacus, the Cappodocian, in the second century, 
described the Egyptian or Syriac ulcer, which most 
medical historians agree can be identified as 
diphtheria. The disease was first recognised as a 
clinical entity by Breton neau (1826) who called it 
'diphthcritc 1 . The name is derived from the tough, 
leathery pseudo-membrane formed in the disease 
(■cfj'pjfirJiej'os, meaning leather}. The diphtheria 
bacillus was fust observed and described by Klebs 
(1RS.1) but was first cultivated by Loeffler (1884). 
It is hence known as the KJebs-1 meffler bacillus 
or KL B. Loeffler studied the effect of the bacillus 
in experimental animals and concluded that the 
disease was due to some diffusible product of the 
bacillus. Roux and Yersin (1888) discovered the 
diphtheria exOtCCtin and established its pathogenic 
effect. The antsto.idn was described bv von Behring 

(1890). 

C0RYNE8ACTERIUM MPWTHERIAE 

Morphology - : The diphtheria bacillus is a slender 
rod with a tendency to dubbing at one or both 
ends, measuring approjtimatcly 3-6 pm * 0.6-0.8 
pm. The bacilli are pleomorphic. They arc 
nonsporing, noncapsulated and nonmotile. Cells 
often show septa* and branching is infrequently 


observed. They are Gram positive but tend to be 
decolorised easily. Granules composed of 
polymctaphnsphatc are seen in the cells. They are 
more strongly Gram positive than the rest of the 
bacterial cell. Stained with Loeffler"s methylene 
blue, the granules take up a bluish purple colour 
and hence they are called me [achromatic granules, 
They are also called volutin or Babes EtfiHt gran Lifer, 
They are often situated at the piles of the bacilli 
and are ailed polar bodies. Special stains, such as 
Albert’s, Neissers and Ponders have been devised 
for demonstrating the granules clearly. The bacilli 
are arranged in a characteristic fashion in smear?;. 
They ate usually seen in pate, palisades (resembling 
stakes of a fence) or small groups, the bacilli being 
at various angles to each other, resembling the 
letters V or L. This has been called the Chinese 
letter or cuneiform arrangement. This is due to the 
incomplete separation of the daughter cells after 
binary fission (Fig. 26.1). 

Cultural characteristics: Growth is scanty 
on ordinary media. Enrichment with blood, serum 
or egg is necessary for good growth. The optimum 
temperature for growth is 37 D C (range 15-40 °C) 
arid Optimum pi I 7,2- It is an aerobe and a 
facultative anaerobe. 

The usual media employed for cultivation of 
the diphtheria bacillus are Loeffler's strum slope 
and tellurite blood agar, Diphtheria bacilli grow 
on Loefflers serum slope very rapidly and colonies 
can be seen in 6-8 hours, long before other bacteria 
grow. Colonies arc at first small, circular white 
opaque discs but enlarge on continued incubation 
and may acquire a distinct yellow tint. Several 
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modifications of tellurite blood agar have been 
utilised, such as McLeod’s and Hoyle’s media. 
Tellurite (0,04%) inhibits the growth nfimret other 
bacteria, acting' as a selective agent. Diphtheria 
bacilli reduce tellurite to metallic tellurium, which 
is incorporated in the colonies givi ng them, a grey 
or black colour, The growth of diphtheria bacilli 
may be delayed on the tellurite medium and colonies 
may take two days to appear, Based on colonial 
morphology' on the tellurite medium and other 
properties, McLeod classified diphtheria bacilli into 
three types. - grads, /nfemredius and mitis. The 
names were originally proposed t<’ relate to the 
clinical severity of the disease prodv „ed by the three 
types — gravis, causing the most serious, and mitis 
the mildest variety, with intermedins being 
responsible for disease of intermediate severity. 
However, this association is not constant. The 
necessity for typing an isolate in the laboratory has 
been superseded by the need to know whether the 
strain is toxigenic or not. Certain biological 
characteristics of these individual types have some 
value, 


The gravis and intermedius types are associated 
with high case fatality' rates, while mitis infections 
are less lethal, Paralytic complications art most 
common in gravis, hemorrhagic complications in 
gravis and intermedius, and obstructive lesions in 
the air passage m mitis infections, Ln general, miris 
is the predominant strain in endemic area*, while 
gravis and intermedius tend to be epidemic. The 
mitis type is better able than the more virulent types 
to establish a commensal relationship with the 
host, Wide variations have been noted in the 
frequency of the different types in different places 
at different times. There is evidence to show iliac 
the gravis and, to a lesser extent, the intermedius 
strains are able to spread more readily than the 
m itis in populations naturally immune or artificially 
immunised. Table 26.1 lists the characteristics of 
the three types,, 

Diphtheria bacilli ferment with the production 
of add, {but no gas) glucose, galactose, maltose 
and dextrin (but not lactose, mannitol or sucrose). 
Some strains of virulent diphtheria badlii have been 
found to ferment sucrose. It is necessary to employ 
Hiss’s serum water For testing sugar fermentation. 
Proteolytic activity is absent. They do not hydrolyse 
urea or form phosphatase. 

Toxin 

Virulent strai ns of diphtheria bacilli produce a very 
powerful exo-toxin. The pathogenic effects of the 
bacillus are due to the toxin. Almost all strains of 
gravis and intermedius (about 95-99 per Cent) art 
toxigenic, while only about SO—§5 per cent of the 
mitis strains are so- The proportions vary with the 
origin of the cultures tested. Strains of all three 
types are invariably virulent when isolated from 
acute cases, Avirulcnt strains are common among 
convalescents, contacts and carriers, particularly in 
those with extrafaucial infection. There is 
considerable variation in the amount of toxin 
produced by the different strains, some strains 
producing it abundantly and others only poorly. But 
the toxin produced by all the strains of diphtheria 
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Table 26.1 Type differentiation of diphtheria bacilli 



Gnt vis 

/nfermedrus 

Afftfa 

Morphology 

■Usually short rods, with 
uniform staining, few or no 
granules. Sonne degree of 
pleomorphism, with irregularly 
bund, snow-shoe ami tear¬ 
drop forms 

Long harredl forms with 
cluhhed ends; poor 
granulation, very 
pleomorphic 

Ijong, curved, 
pleomorphic rods wirh 
prominent granules 

Colnnv on tellurite 

J 

blood agar 

In 1B hour*, colony is 1^2 nun 
in size, with greyish black 
centre, paler, scmitranslucent 
periphery and commencing 
cfenation of edge- In 2-3 days, 
3-5 mm in sbe, flaT colony 
with raised dark centre and 
menaced edge with radial 
stiiarion - 'daisy head' colony 

18 hour colony small, 

I mm in siic, misty. Does, 
not enlarge in 4B hours, 
dull granular centre with 
smoother, more 
glistening periphery and 
a lighter ring near the 
edge - ‘frog's ■egg 1 ' colony 

Sim variable, shiny 
black. In 2-3 days, 
colonies become flat, 
with a centfal 
elevation 'poached egg" 
colony 

Consistency of 
colonies 

Like 'cold margarine', brittle, 
filHwcs js 3 whol* on the plate, 
not easily picked out or 
ernutsi liable 

. Intermediate between 

gtavi? and milis- 

Soft, buttery, easily 
ernolsiliable 

Hemolysis 

Variable 

Nonhemoivtic 

t 

Usually hemolytic 

Growth in broth 

Surface pellicle, granular 
deposit, little or no turbidity 

Turbidity in 24 hours, 
clearing in 49 hours, 
with line granular 
sediment 

Diffuse turbidity wirh 
soft pellicle later 

Glycogen and starch Positive 
fermentation 

Negative 

Negative 


bacilli is qualitatively similar. The strain almost 
universally used for toxin production ls the 'Park 
Williams S’ strata, which has been variously 
described as a mills (Topics - and WiImhiI and an 
intcrtncdius strain (Cruickshank), 

The diphtheria toxin is a protein and has been 
crystallised. It has a -molecular weight of about 
62,000. It is extremely potent and the lethal dose 
For a 250 g guinea pig is 0.0001 mg. It consists of 
mo fragments, A and 0, of MW 24,000 and 38*000* 
respectively. Both fragments arc necessary for the 
toxic effect. When released by the bacterium, the 


toxi.r is inactive because the active site on fragment 
A Is masked- Activation is pmhably accomplished 
by proteases present in the culture medium and 
infected tissues. All the enzymatic activity of the 
toxin is present in fragment A. Fragment B is 
responsible for binding the toxin to the cells. The 
antibody to fragment B is protective by preventing 
the binding of the toxin to the cells. The toxin ls 
labile. Prolonged storage, incuhaticm at 37 *C for 
4-6 weeks, treatment with 0.2-0.4 per cent formalin 
or acid pH converts it to toxoid. Toxoid is toxin 
that has lost its toxicity but not its antigenicity. It is 
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capable of inducing antitoxin and reacting 
specifically with it. 

The toxigcnicity of the diphtheria bacillus 
depends on the presence in it of corynephages 
(tox+j, which act as the genetic determinant 
controlling toxin production. Nonrraigenic strains 
may be tendered toxigenic by infecting them with 
txra phage or some other toxlargcr phage. This is 
known as irwgcnk or phzge coflvcRiOtt. The 
toxigenkity remains only as long as the bacillus is 
lysogenic- When, the bacillus is cured of its phage, 
as by growing it in the presence of antiphage setum, 
it loses the toxigenic capacity. 

Toxin production is also influenced by the 
concentration of iron in the medium. The Optimum 
level of iron tor toxin production is 0.1 eng per 
litre, while a concentration oi 0.5 mg per litre 
inhibits the lormation of toxin. The diphtheria 
toxin acts by inhibiting protein synthesis. 
Specifically, fragment A inhibits polypeptide chain 
elongation in the presence of nicotinamide adenine 
dinucleotide by inactivating the elongation factor, 
EF-2. It has a special affinity' for certain tissues 
such as the myocardium, adrenals and nerve 
endings- 

Resistanoe: Cultures may remain viable for two 
or mure weeks at 25-30 “C. It is readily destroyed 
hv heat in 1(1 minutes at 5K *C and in a minute at 

r 

100 fl C It is more resistant to the action of light, 
desiccation and freezing than most nonsporing 
bacilli. Ir has been cultured from dried bits of 
pseudomembrane after 14 weeks. It remains fully 
virulent in blankets and floor dust for five weeks. It 
is easily destroyed by antiseptics. It is susceptible 
to penicillin, erythromycin and broad spectrum 
antibiotics. 

Antigenic structure: Diphtheria bacilli arc 
antigenically heterogeneous. By agglutination, 
gravis strains have been classified into 13 types, 
intermedium into 4 types and mitis into 40 types. 
Gravis strains of types I and 111 have been reported 
to be common in Great Britain t type II worldwide, 
type IV mainly in Egypt and type V in the USA, 


No connection has been established between type 
specificity and other characters. 

Bacteriophage typing: About 15 

bacteriophage types have been described. Type I 
and III strains arc mitis, IV and VI intermedius, 
VII avirulcnt gravis and the remainder virulent 
gravis. The phage types are apparently stable. A 
system of bacterincin {dipbtheriem) typing has 
also been described. Other methods of typing 
include bacterial polypeptide analysis, DNA 
restriction patterns and hybridisation with DNA 
probes. 

Pathogenicity: The incubation period in 
diphtheria is commonly 3-4 days but may on 
occasion be as short as one day. In carriers, the 
incubation period may be very prolonged. The site 
of infection may be (1) faucial; (2) laryngeal; 
(3) nasal; {4) otitic; (5) conjunctival; (6) genital- 
vulval, vaginal or prepucisi; and (7) cutaneous, 
which is usually a secondary infection on pre¬ 
existing skin lesions. Sometimes diphtheritic 
whitlow or ulcer may occur. Cutaneous infections 
ate commonly caused by nontoxigcnic strains of 
diphtheria bacilli. 

Faucial diphtheria is the commonest type and 
may vaiy from mild catarrhal inflammation to 
very widespread involvement. According to the 
clinical severity, diphtheria may be classified as: 

1. Malignant or hypcrtoxic in which there is severe 
toxemia with marked adenitis (bulbicck). Death 
is due to circulatory failure. There is high 
incidence of paralytic sequelae in thusc who 
recover. 

2. Septic, which leads TO ulceration, cellulitis and 
even gangrene around the pseudomembrane; 
and 

3. Hemorrhagic, which is characterised by 
bleeding from the edge of the membrane, 
cpisfaxis, conjunctival hemorrhage, purpura and 
generalised bleeding tendency. 

The common complications are: 

I. Asphyxia due to mechanical obstruction of the 
respiratory passage by the pseudomembrane for 
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which an emergency tracheostomy may become 
necessary. 

2. Ac ufc circulatory fail Lire, which may be 
peripheral or cardiac, 

3. Pbstdiph then tie paralysis, whk h typically occurs 
m the third of fourth week of the disease; 
palatine anti ciliaiy but not pupillary paralysis 
is characteristic, and spontaneous recovery is the 
rule, 

4. Septic, such as pneumonia and otitis media. 
Relapse may occur its about 1% of cases, 
Diphtheria is a toxemia. The bacilli remain 

confined to the site of entry, where they multiply 
and form the toxin. The toxin causes local necrotic 
changes and. the resulting fibrinous exudate, 
together with the disintegrating epithelial cells, 
leucocytes, erythrocyte* and bacteria, constitute the 
pseudomembrane, which is characteristic of 
diphtheritic infection. The mechanical 
com plications of diphtheria are due to the 
membrane, while the systemic effects arc due to 
the toxin. 

Nontnxigenic strains of diphtheria bacilli may 
cause infection even in immunised individuals, as 
immunity with the toxoid does not confer 
antibacterial immunity. Such infection ii mild 
though pseudomembrane formation, may sometimes 
occur. 

Diphtheria does not occur naturally in animals 
but infection can be produced experimentally, 
Susceptibility varies in different species. 
Subcutaneous inoculation of a guinea pig with a 
culture of virulent diphtheria bacillus will cause 
death in t—4 days. At autopsy, the folio wing features 
can. be observed: 

1. gelatinous, hemorrhagic edema and, often, 
necrosis at the site of inoculation; 

2. swollen anti congested draining lymph nodes; 

3. peritoneal exudate which may be clear, cloudy 
or bloodstained; 

4. congested abdominal viscera; 

5. enlarged hemorrhagic adrenals, which is the 
pathognomonic feature; 


6- clear, cloudy or bloodstained pleural exudate; 

and 

7, sometimes, pericardial effusion. 

Laboratory diagnosis; Laboratory 
confirmation of diphtheria is necessary for the 
initiation of control measures and for 
epidemiological purposes but not for the treatment 
of individual cases- Specific treatment should he 
instimied iiamediitely on suspicion of diphtheria 
without waiting for laboratory tests. Any delay may 
be fatal, 

Laboratory diagnosis consists of isolation of the 

diphtheria bacillus and demonstration ofits toxicity. 
One or two swabs from the lesions are collected 
under vision, using a tongue depressor. Diphtheria 
bacilli may not always be demonstrable in smears 
from the lesion, nor can thev be confidently 
differentiated from some commensal cotyncbacteria 
normally found in the throat. Hence smear 
examination alone is not suffkient for diagnosing 
diphtheria bur is important in identifying Vincent’s 
angina, for this, a Grant or Lriihmait stained smear 
is examined lor Vincent’s spirochetes and fusiform 
bacilli. Toxigenic diphtheria bacilli may be identified 
in smears by immiunofliuorescence. For culture, the 
swabs are inoculated utiLoeffler's serum dope, celluriie 
blood agar and a plate of ordinary blood agar, the last 
lor differ? titrating streptococcal or staphylococcal 
pharyngitis, which may simulate diphtheria. If the 
swab cannot be inoculated promptly it should be kept 
moistened with sterile serum so that the bacilli remain 
viable. The serum slope- may show growth m 4—S 
hours bur if negative, will have to be incubated for 24 

hours. Smears stained with methylene blue or one of 

the special stains (Ncisscr or Albert stain) will show 
the bacilli with metachioniatit; gr.umk", and typical 
arrangement.Tellurite plates will have so be incubated 
for at least two days before being considered nqptivc, 

as growth may sometimes be delayed. The tellurite 

medium is particularly important in the isolation of 
diphtheria bacilli from convalescents, contacts and 
carriers as in these cases they may be outnumbered 
by other bacteria. 
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Any isolate of the diphtheria baeiltus should he 
tented for virulence or toxigenicity for the 
bacteriological diagnosis ro be complete. Virulence 
testing map be bv In vivo or in vitro methods, the 
former by the subcutaneous or intradermal test and 
the latter by the precipitation test or the [issue 
culture test. 


In vivo teats 

A Subcutaneous text: The growth from an 
overnight culture on Luc filer's slope is 
emulsified in 2-4 ml broth and Q.8 ml of the 
emulsion injected subcutaneously into two 
guinea pigs,. one of which has been protected 
with 500 units of the diphtheria antitoxin 
IS—24 hours previously. If the strain is virulent, 
the unprotected animal will die within four days, 
showing the autopsy appearance described 
earlier. The method is not usually employed as 
it is wasteful of animals. 

2. / nimeufu/icstest: Tire broth emulsion of 
the culture is inoculated intracutaneously into 
[wo guinea pigs (or rabbits) so that each receives 
0.1 ml in two diOercnt sites. One animal acts as 
the control and should receive 500 units of 
antitoxin the previous day. Ilhc other is given 
50 units of anti toxin intraperitoneally four hours 

after the skin test, in order to prevent death. 
Toxigeniciry is indicated by inflammatory 
reaction at the site of injection, progressing to 
necrosis in 48-72 hours in the test animal and 
no change in the control animal. An advantage 
in the intracutaneous test is that the animals do 
not die. As many as ten strains can he tested at a 
time on a rabbit, 

In vitro tost 

/. fifek V iivi precipitation lest: A rectangular 
strip of filter paper impregnated with diphtheria 
antitoxin (1000units/ml) is placed on the surface 
of a 20% normal horse serum agar in a petfi 


dish while the medium is still fluid. If horse 
scrum is not available, sheep or rabbit scrum 
may he used When the agar has set, the surface 
is dried and narrow streaks of the strains are 
made at right angles to the filter paper strip, A 
positive and negative control should be put up. 
The plate is incubated at 37 D C for 24-48 hours. 
Toxins produced by the bacterial growth will 
diffuse in the agar and where it meets the 
antitoxin at optimum concentration will produce 
a line of precipitation (Fig, 2b-2). The presence 
of such arrowhead lines of precipitates indicates 
that the strain is toxigenic. No precipitate will 
form in the ease ol uonlLutigenic strains. This 
test is very convenient and economical hut some 
brands of peptone and some samples of scrum 
do not give satisfactory results, 

2. Tissue Vulture test: The tuxigensdty nl 
diphtheria bacilli can be demonstrated by 
incorporating the strains in the agar overlay of 
tell culture monolayers. The toxin produced 
diffuses into the cells below and kills them. 

Rpidelmiid\ : Diphtheria was formerly an 



Flg.2E.2 Eiek s leat. A- Fitter peper impregnated 
wffli A. diphtheria* antitoxin. Torigenic strain. 
C. Nontaxigenlc strain. 0. T 1 strain showing 
toxipwiclty, 
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important pediatric disease all over fbe world but 
following the development of effective prophylactics 
and in ass immunisation, the disease ha s been 
virtually eradicated from most advanced countries. 
In those developing countries where childhood 
immunisation programmes have been implemented 
effectively, diphtheria has become rare but in others 
it continues to be a serious problem. The prolonged 
and extensive epidemic of diphtheria in parts of 
the erstwhile Soviet Union in the 1990s, involving 
several thousands, with a mortality of up to 20 per 
tent iu a warning tif what can befall countries that 
neglect immunisation and let living conditions 
deteriorate- 

Irt endemic areas, it is mainlv a disease of 
childhood. It is fare in the first year of ] i fe due to 
the passive immunity obtained from the mother, 
reaches a peak between two and five wars, falls 
slowly between five and 10 years, and rapidly 
between JO and 15 years with only verv 1 aw 
incidence afterwards because ol active immunity 
acquired by repeated subclinical infections. 

Asymptomatic carriers who outnumber cases by 
a hundredfold or more in endemic areas are the 
most important source of infection. In the temperate 
region*, carriage L- mainly in the nose and throat. 
Masai carriers harbour the bacilli (or longer periods 
than pharyngeal carriers. In the tropics, diphtheria 
bacilli infect the skin more often dun flic respiratory 
tract- Toxigenic diphtheria bacilli may persist in 
the skin lor over three years, Cutaneous infections 
may stimulate natural immunity ro diphtheria but 
may also lead to feudal diphtheria in non immune 
contacts,. Fomites do not see m to play an important 
role though in special situations toys and pencils 

muv act as vehicles, of infection. 

Ijl nature, diphtheria is virtually confined to 
human beings, though cows, may an occasion be 
found to have diphtheritic infection of the udder- 
The infection in such cases is invariably transmitted 
hv the milker. The infection may be spread through 
the milk of infected cows, 


fiurpin 1.WIS 

Diphtheria can be controlled by immunisation. 
Three methods of immunisation are available: 
active, pasriix and combined. Of these, only active 
immunisation can provide herd immunity and lead 
to eradication of the disease. Passive and combined 
immunisation can only provide emergency 
protection to susceptible individuals exposed to risk. 

The objective of immunisation is to increase 
protective levels of antitoxin in circulation. Early 
in the development of diphtheria prophylactics, 
when Immunising agents were scarce and not free 
from risk, it was customary to test for susceptibility 
before active iflflrtiLi dilution was given . The 
susceptibility test used was the Schick test 
introduced in 1913, The Schick test is no longer in 
use. (Older editions of this textbook may be 
consulted for details of Schick test, if required). 
The availability of safe and effective toxoid 
preparations has made susceptibility tests 
unnecessary. If, for any special reason, the 
circulating antitoxin level is to be assayed, it can 
now be done by serological tests such as passive 
hemagglutination or by neutralisation in cell 
culture. Antitoxin level of 0-01 unit or more per ml 
of blood is considered as index of immunity. 
Active ininvunisntion: Diphtheria 

immunisation in children was initiated in 1913 by 
Von Behring using a toxin-antitoxin mixture 
containing only enough antitoxin ro leave the toxin 
just under neutralised. This was a hazardous 
preparation because the final toxicity of such 
mixtures was determined not merely by the relative 
proportions of toxin and antitoxin but also by other 
variables, including the manner in which the inxin 
and antitoxin were mixed. If to a given amount of 
antitoxin, the equivalent amount of toxin was added 
all at'once, the mixture remained nontoxic. If instead, 
the same amount of toxin was added in two or more 
instalments at intervals of IS minutes or more, the 
resultant mixture was toxic. This paradoxical 
occurrence was known as the Dinnr phenomenon 
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and was due to the ability of the toxins and antitoxins 
to combine in varying proportions, When the toxin 
was added in instalments, the Toxin added first 
combined with more than its equivalent of antitoxin, 
leaving insufficient antitoxin behind to neutralise 
die toxin added subsequently. 

Several other preparations were introduced for 
active immunisation (for details, the third edition 
of this textbook may be consulted), Only two 
preparations are in use now, Fonnol toxoid (also 
known as fluid toxoid) and adsorbed toxoid- Formol 
toxoid is prepared by incubating the toxin with 
formalin at pH 7.4-7,6 for three to four weeks at 
57 "C until the product is devoid of toxicity while 
retaining immunogcnicity. Adsorbed toxoid is 
purified toxoid adsorbed onto insoluble aluminium 
compounds'—usual! v aluminium phosphate, less 
often the hydroxide. Adsorbed toxoid is much more 
immunogenic than the fluid toxoid. Due to anxiety 
about an enhanced risk of provocative poliomyelitis, 
it was replaced by fluid toxoid for some time. 
However* ns the risk is considered small and as the 
imntunogeniciry of fluid tuxoid %vus unacceptably 
low, adsorbed toxoid is now used almost universally 
as the preferred agent. It is advisable to give 
adsorbed toxoid by intramuscular injections as 
subcutaneous injection may be painful. 

Diphtheria toxoid is usually given in children 
as a trivalcnt preparation containing tetanus toxoid 
and pertussis vaccine also, as the DTP, DPI’ or 
triple vaccine. A quadruple vaccine containing in 
addition the inactivated poliovaccinc is also 
available. For young children,, diphtheria toxoid 
given in a dose of L0-2S Lf units is recommended. 
Smaller doses (1-2 Lf units) are used for older 
children and adults to minimise adverse reactions, 
In toxoid preparations the lower dose of toxoid is 
indicated by the small letter ‘d’ and the fid! dose by 
capital L D f . For example, the tetanus diphtheria 
vaccine for adults containing low dose diphtheria 
TOXoid is referred to as 'Td‘, 

The schedule of primary immunisation of infants 
and children cons ists of three doses of DPT given 


at intervals of at least four weeks, and preferably 
six weeks or mote, followed by a fourth dose about 
a year afterwards. A further booster dose is given 
at school entry. 

Passive immunisfilioii; This is an 
emergency measure to be employed when 
susceptible? are exposed to infection, as when a case 
of diphtheria is admitted to general pediatric wards. 
It consists of the subcutaneous administration of 
SOO-lOOO units of antitoxin (anridlphtheritie serum, 
ADS). As this is a horse serum, precaution against 
hypersensitivity should be observed. 

Cntnbini'd immimixplion: This consists of 
administration of the first dose of adsorbed toxoid 
on one arm, while ADS is given on the other arm, 
to be continued by the full course of active 
immunisation. Ideally, all case? that receive ADS 
prophyhelically should receive combined 
immunisation. 

Standardisation of Toxins ann 

Antitoxins 

The toxin content of culture Filtrates varies 
considerably from batch tu batch. As such their 
standardisation or measurement should! be with 
reference to their biological activity. Ehrlich 
defined the minimum lethal dose (MLB) of the 
diphtheria toxin as the least amount of the toxin 
required to kill a guinea pig weighing 250 g within 
% hours after subcutaneous inoculation. One unit 
of antitoxin was defined as the smallest amount of 
antitoxin required to neutralise 100 MLD of toxin. 
Keeping a labile substance like the toxin as the 
standard ted to inaccuracies. Toxin undergoes 
spontaneous, denxturation into toxoid which wiU 
combine equally well with the antitofxin. Thus, any 
sample O-i toxin will contain a variable quantity of 
toxoid which will vitiate standardisation of 
antitoxin. The antitoxin, on the other hand, is 
permanently Stable in the irerve-dried state. 
Therefore, the antitoxin has heen adopted as the 
reference preparation, Ehrlichs anginal antitoxin 
is accepted as the international standard. One 


Copyrighted material 


* CorynabacEa/iijm * 


239 


antitoxin unit (AU) Is. defined as the Amount of 
antitoxin that has the same toil] combining capacity, 
for toxin and toxoid together ns one unit of Ehrlich's 
original antitoxin. 

Since toxin always contains some toxoid!, two 
other units for measurement of toxin have been 
introduced, the LO and L+ doses. The LG (Limes 
nul) dose of the diphtheria toxin is the largest 
amount of toxin that, when mixed with one unit of 
antitoxin and injected subcutaneously into a 250 g 
guinea pig, will on the average cause no observable 
reaction. As 'no reaction is nor a definite end point, 
in actual practice, the endpoint is taken as minimum 
local edema.The L+ fLinres tod) dose oi diphtheria 
toxin is the smallest amount of toxin that when 
mixed with one unit of antitoxin and injected 
subcutaneously into a 250 g guinea pig will on the 
average kill the animal within 96 hours. If toxin 
combines with anti toxin in constant proportions, it 
would be expected that the difference between the 
I,+ dose and the 1,0 dos? would be equal tol MLD, 
But when the estimations arc actually made, it is 
found to vary from 10-100 MLD or more. This 
discrepancy is due to the presence in toxin 
preparations of varying amounts of roxoid and to 
the ability of the toxin and antitoxin to combine in 

J 

varying proportions, This is known, as the Ehrlich 
phenomenon. 

The use ot death as an end point for the titration 
of toxin is wasteful t>f animals. Romer introduced a 
method of titration employing the erythematous 
swelling produced by the intraderroal injection of 
toxin, and its neutralisation by antitoxin. The 
minimum reacting dose (MRDj is the leaat amount 
of toxin that when injected intrade rmatly in a guinea 
pig, causes an erythematous flush 5 mm in diameter 
visible after 36 hours, The Lr dose is the smallest 
amount of toxin which, after mixing with 1 unit of 
antitoxin, will produce a minimal skin reaction when 
injected inlradermaJly into a guinea pig. 

Ramon introduced a test tube method for 
titrating toxin and antitoxin based on flocculation. 
The flocculating or Lf unit of diphtheria toxin is 


the amount of toxin which flocculates most rapidly 
with one unit of antitoxin. The Lf unit has several 
advantages. It is inexpensive and rapid and docs 
not need animats. It is also the only method available 
for the titration of toxoids. The amount of toxoid 
in prophylactics is expressed in Lf units. Many 
other in vitro tests have been developed for antigen 
assay. These include cell culture neutralisation tests 
using rabbit kidney cells, passive hemagglutination 
test with toxin coated tanned sheep RHC, and RIA- 
Trcatment: Specific treatment of diphtheria 
consists of antitoxic and antibiotic therapy. Antitoxin 
should be given immediately when a case is 
suspected as diphtheria, as the fatality rate increases 
with delay in starting antitoxic treatment. The 
dosage recommended is 20,000 to 1,00,000 units 
for serious eases, halt the dose being given 
intravenously. Antitoxin treatment is generally not 
indicated in cutaneous diphtheria as the causative 
strains are usually nonroxigenic. 

C- diphtherine ]? sensitive to penicillin and can 
he cleared from the throat within a few days by 
penicillin treatment Diphtheria patients arc given 
a course of penicillin though it only supplements 
and docs not replace antitoxin therapy. 
Erythromycin is more active than penicillin in die 
treatment of carriers. 

OTHER PATHOGENIC CORYNEBACTERIA 

C. Ulcer ams 

This bacillus related to C. djphrfrcriac can cause 
diphtheria-like lesions. It resembles the gravis type 
of the diphtheria bacillus hut it liquefies gelatin, 
ferments rrehaJose slowHy and does not reduce nitrate 
to nitrite. It produces two types of toxins, one 
prohably identical with the diphtheria toxin and 
the other resembling the toxin of 
C. pseudatubcrculasis. It is pathogenic to guinea 
pigs, the lesions produced resembling those caused 
by C. diphrh tn'ae, It has been found to cause 
infection in cows, and human, infections may be 
transmitted through cow's milk. It is sensitive to 
erythromycin. Diphtheria antitoxin is. protective. 
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It has been suggested that C, (gicersm^ tmy be 
considered j subgroup of diphtheria bacilli rather 
than a separate species. 

jfaeumhact&muT! (formerly Connebac rc ri u m) 
haernoU-tiLum can cause pharyngitis and skin ulcers. 
C.jukcium can cause cutaneous and blood infections 
in immunocompromised hosts. It Is usually 
multilCflistailt, responding only to vancomycin. 

Cotynebacteria of veterinary importance axe the 
Preisz Nocard bacillus (C. pseudortfibert.-LjJosj's), 
which causes pseudo Tuberculosis in sheep and 
suppurative lymphadenitis in horses, C. renale 
causing Cystitis and pyelonephritis in cattle and 
C. equi, isolated from pneumonia in fink. 

Gortnebacteria Causing 
Si.PHhHCIaI Skin lNFECTmr\;s 

Eiythrasma, a localised infection of the stratum 
eomeurn usually affecting the axilla and groin, is 
caused by C, mfoutfssi.rniiJ.rn. This is a lipophilic 
corynebaeterium and can be grown readily in media 
containing 20 per cent fetal calf senim, 

C. tenuis has been associated with trichomycosis 
axillaris, characterised by the formation of 
pigmented nodules around axillary and pubic hair 
shafts. 

Diphtheroids 

Coryncbaeteria resembling C- diphtheria occur as 
normal commensals In the throat, &kin T conjunctiva 


and other areas. These may sometimes be mistaken 
for diphtheria bacilli and are called diphtheroids. 
In general, diphtheroids stain more uniformly than 
diphtheria bacilli, possess few or no mcrachromatic 
granules and tend to be arranged in parallel rows 
(palisades) rather than cuneiform pattern. However, 
some diphtheroids may be indistinguishable from 
diphtheria bacilli microscopically, Differentiation 
is by biochemical reactions and more reliably by 
virulence tests. The common diphtheroids are 
C. jffseudttdiphthenticu/n (C- hafmannift found in 
the throat and C. xerosis found in the conjunctival 
sac. The former is unease positive and does not 
ferment glucose, while the latter is unease negative 
and ferments glucose. Both are pyTazlnsmldase 
positive, unlike diphtheria bacilli. 

Other Coryreform Bacteria 

Besides genus ContiebacreriNm, a number of other 
genera of coryncform bacteria have been defined. 
Among them, the genus fyopit>nib*cteriiim is of 
medical interest as three species, PI acnes, P 
gramiJnnim and P aridum, an? constantly present 
Otl human skin. They are anaerobic and aerotolerant, 
growing well in lipid containing media. P aernrs is 
often isolated from acne lesions bur its pathogenic 
role is uncertain. 

Connehneferrurr parvum which is frequently 
used as an immunomodulator is a mixture of 
Propionibacterium species. 
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Sporogenous, rod-shaped bacteria are classified 
into two genera, the; aerobic Hues Hi and the 
anaerobic CJosJrrdjd. The genus BxciHus consists 
of aerobic bacilli forming heat resistant spores. They 
arc Cram positive but tend to be decolourised easily 
so as to appear Gram variable, of even frankly Gram 
negative. They ate generally motile with 
peritrichous flagella, the anthrax bacillus being a 
notable exception, Members of this group exhibit 
great diversity in their properties. The genus 
includes psychroph ilk, mcsophilic and 
thermophilic species, the max imum temperatures 
for vegetative growth ranging from. about 25 lh C to 
above 75 3 C and the minimum from about 5 °C ro 
45 ‘C. Their Salt tolerance varies from less than 

2% ro 25% Nad 

Their spores are ubiquitous, being found in soil, 
dust-, water and ait and constitute the commonest 
contaminants in bacteriological culture media. 
Bacillus anrhnacis, the causative agent of anthrax* 
is the major pathogenic species. B . omu can cause 
hMwjhorne gastroenteritis. Sortie Species may lie 
responsible for opportunistic infections. 

BACILLUS AWTHRACI5 

Considerable historical interest is attached to the 
anthrax bacillus. It was the first pathogenic 
bacterium to be observed under the microscope 
(Fbllender, 1849}* the first communicable disease 
shown to be transmitted by inoculation of infected 
blood (Davaine, IB50), the first bacillus to he 
isolated in pure culture and shown ro possess spores 
(Ktxh, 1876} and the first bacterium used for the 
preparation of an attenuated vaccine (Pasteur, 1881). 


Anthrax was for long feared as a potential cool 
in biological warfare. This feat became an actual 
fact io 2001, when anthrax in the form of weapons 
grade spores, having enhanced dispersability and 
virulence was sent by mail to various destinations 
in the USA, causing disease and death in many 
persons. 

Morphology: The anthrax bacillus is one of the 
largest of pathogenic bacteria, measuring 3-10 flm 
x 1-1.6 p.m, In tissues, it is found singly, in pairs or 
in short chains, the entire chain being surrounded 
by a capsule. The capsule is polypeptide in nature, 
being composed of a polymer ofd(-) glutamic add. 
Capsules are not formed under ordinary conditions 
of culture but Only if the media contain added 
bicarbonate or are incubated under 10-25% C0 2 . 
If grown in media containing serum* athumiii* 
charcoal or starch, capsule formation may occur in 
the absence of CG r 

In cultures, the bacilli are arranged end to end 

In long chains. The ends of the bacilli are truncated 

or often concave and somewhat swollen so that a 

ehai n of bacilli presents a ‘bamboo stick’ appearance. 

Spores arc formed in culture or in the soil but never 

in tbe animal body during life. Spomlation occurs 

under unfavourable conditions for growth and is 

encouraged by distilled water* 2% NaCl or growth 

in nxalatcd agar. Oxygen is required for sponilation, 

but not for germination. Spoliation is inhibited 

by calcium chloride. Spores are central or 

subterminal, elliptical or oval in shape, arid are of 

the same width as the bacillary body so that they 

- # 

do not cause bulging of the vegetative cell (Fig. 

27.1), 
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Fig. 27.1 Anthrax bacilli 

The an thru* bacillus is, Gram positive and 
nonacid fast. The spores do not stain: by ordinary 
methods but can be stained, differentially by special 
techniques. When stained with Sudan black B, Eat 
globules may be made out within the bacilli. When 
blood films containing anthrax bacilli are stained 
with polychrome methylene- blue for a few seconds 
and examined under the microscope, an amorphous 
purplish material is noticed around the Willi-This 
represents the capsular material and is characteristic 
of the anthrax bacillus. This is called the 
M’Fadyean's reaction and is employed for the 
presumptive diagnosis of anthrax in animals,. 

The anthrax bacillus is nonmotilc, unlike most 
other members of this genus, 
i i f i i ;. l l r : 1 1 eh ante lcri.it lcs: It is an aerobe* 
and a facultative: anaerobe,, with a temperature range 
tor growth of 12-45 °c { optimum 35-37 ^Q-The 
optimum temperature for sporulation is 25-30* °C, 
Good growth occurs on ordinary media. 

On agar plates, irregularly round colonies are 
formed, 2-3 mm m diameter, raised, dull, opaque, 
greyish white, with a frosted glass appearance, 
Under the low power microscope, the edge oi the 
colony is composed oi long, interlacing chains of 
bacilli, resembling locks of matted hair. This is 
called the 'Medusa bead appearance {Fig. 27.2), 
Vi ruler t capsulatud strains form rough cultures, 


while a virulent or attenuated form smooth 

colonics, On gelatin stith fur a characteristic: 
Inverted fir tree' appearance ■- seen, with slow 
liquefaction commencing from ■' ■ rop (Rig, 27-3), 
On blood agar, the colonies \ l- (lOfthemolytlc, 
rhough occasional strains prod - a narrow zone 
of hemolysis. In broth growth • as floccular 
deposit, with little ur no 1 1 1 1 1 

When B anjhrrcrs is grown m the surface of a 
solid medium containing ',05-0 T:i units of 
penicillin/nil, in 3—6 hours the cell become large, 
spherical, and occur i chain-* on tin surface of the 
agar, resembling a string of pc uls. This 'string of 
pearls reaction'differentiates curb B. uothrsu* 
From B, ccrcus and other aefobh spore bearers. 
A mother useful rest to d 11 ltct ti, ft between the two 
is the susceptibility of B. m gamma phage. 

A selective medium (PLET ucd inf', consisting 
of polymyxin, lysozyme* ■ i • diamine tetiu 
acetic acid (EDTA) and tl acetate added to 
heart infusion agar, has been de vi-L,. to isolate B. 
anthiacis from mixtures *»nr,i n ng other spore- 
bearing bacilli. 



Fig. 57.2 Medusa Itaad , thrax 

bacilli 
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trioohemiuol rt^ulicms: Glucose, maltose and 
sucrose arc fermented producing acid but no gas, 
Nitrates are reduced, to ru[rites. Catalase is formed. 


Kesri M ;n nee: The vegetative bacilli are not 
particularly resistant and are destroyed at 60 °C in 
30 minutes. In the carcasses of animals which have 
died of anthrax, the haciSli remain viable in the 
bone marrow for a week and in the skin far two 
weeks. Normal beat fixation of smears may not kill 
the bacilli in blood films. The spores are highly 
resistant ru physical and chemical agents. They 
have been isolated from naturally infected soil after 
as long as 60 years. They resist dry hear at 140 'C 
for 1-3 hours and boiling for 10 minutes, They 
survive In 5% phenol for weeks. HgCl^ in a 1/ 
IOO0 solution may tail to kill anthrax spores in less 
than 70 hours. Four per cent potassium 
permanganate kills them in 15 minutes. Destruction 
of the spores in animal products imported into 
nonendemic countries is achieved by‘‘duckering 1 in 
which formaldehyde is used as 2% solution at 
30-40 Q C for 20 minutes for disinfection of wool 


and as 0.25 per cent at fit) r 'C frur six hours for 
animal hair and bristles. The: anthrax bacillus is 
susceptible to sulpha mm ides, penicillin, 
erythromycin, streptomycin, tetracycline and 
chloramphenicol Occasional strains resistant ro 
penicillin have been met with, 
ihnIn h£vi iicily ■ In nature, anthrax is primarily 
a disease of cattle and -sheep, and less often of horses 
and swine hut expert mentally most animals are 
susceptible to a greater or lesser degree. Rabbits, 


guinea pigs and mice are susceptible. Infection can 


be produced with difficulty in birds. Frogs are 
resistant, while toads are t'ery susceptible. 

Following the subcutaneous inoculation of a 
culture Into a guinea pig, the animal dies in 24-72 
hours, showing a local, gelatinous, hemorrhagic 
edema at the site of inoculation, extensive 
subcutaneous congestion arid characteristically, an 
enlarged, dark red, friable spleen- The hlood is dark 
red and coagulates Less firmly than normally. The 
bacilli ate Found in large numbers In the local 



Fig. 27.3 Anthrax bacillus, in gelatin stab culture 
showing Inverted fir tree appearance 

lesion, heart blood and spleen (more than ICfbacilli/ 
ml). The bacilli arc seen confuted ro the interior 
of the capillaries, where their numbers may be so 
great as to obstruct the flow of blood. 

Two virulence factors have been identified— 
the tapi-Lrittr pciypcptide and the anrfirax toxin, each 
ot which is encoded by a separate plasmid. 

The capsular polypeptide aids virulence by 
inhibiting phagocytosis. Loss of the plasmid {pM02) 
which controls capsule production leads to Josh of 
virulence- This is bow the live attenuated anthrax 
spore vaccine (Sterne strain) was obtained. 

Anthrax toxin was identified by' the fending that 
the injection of sterile plasma of guinea pigs dying 
of anthrax into healthy guinea pigs killed them and 
chat death could be prevented by immune scrum. 
Tire toxin is a complex of three fractions: the edema 
factor (OF or Factor I), the protective antigen factor 
(PA or Factor II) and the lethal factor (LF or Factor 
III). They arc not toxic individually hut the whole 
complex produces local edema and generalised 
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shndc The three factors have been characterised 
and cloned- PA IS the fraction which binds to the 
receptors cut the target cell surface, and in turn 
provides attachment sites for OF or LR facilitating 
tbdr entry into the cell. Antibody to FA is protective 
because it blocks the first step in toxin activity, 
namely, its binding to target cells. OF in an adenyl 
cyclase which is activated only inside the target 
cells, leading to intracellular accumulation of cyclic 
AMP. Th is is believed to be responsible for the 
edema and other biological effects of the to*in. 
Entry of LF into the target cell causes cell death 
but the mechanism of action is not known. Loss of 
the plasmid (gixOl) which encodes the anthrax toxin 
renders the strain aviruIcnr.This is believed to have 
been the basis for the original anthrax vaccine 
developed by Pasteur. The aviruLent Sterne vaccine 
Strain is devoid of the plasmid coding for [be 
capsular polysacch a ride. 

Anthk ax 

Anthrax is a zoonosis. Animals arc infected by 
ingestion of the spores present in the soil. Direct 
spread front animal to animal Is rare. 'Ilie disease 
is generally a fatal septicemia but may sometimes 
be localised, resembling the- cutaneous disease in 
human beings. Infected animals shed in the 
discharges from the mouth, nose and rectum, large 
numbers of bacilli, which spore late in soil and 
remain as the source of infection. 

Human anthrax is contracted I rural animals, 
directly or indirectly. The disease may be (1) 
cutaneous.; (2) pulmonary; or {3) intestinal, all types 
leading to fatal septicemia or meningitis. 

Cutaneous anthrax follows entry of the 
infection through the skin-The lace, neck, hands. 

arms and back arc the usual sites. The lesion starts 

as a papule 1-3 days after infection and becomes 
vesicular, containing fluid which may he clear nr 
bloodstained. The whole- area is congested and 
edematous, and several satellite lemons filled with 
serum or yellow fluid are arranged round a central 
necrotic lesion which is covered by a black eschar. 


(The name anthrax, which means coal, comes from 
the black colour of tile eseliar.) The lesion is called 
a malignant pustule. Fhc di sease used to lie common 
in dock workers carrying loads of hides and skins 
on their bate back? and hence was known as the 
hide p*vr trs disease, Cutaneous anthrax generally 
resolves spontaneously, but 10-20 per cent of 
untreated patients may develop fatal septicemia or 
meningitis. 

Pulmonary anthrax is cal let! the mml sorters 
disease because it used to be common in workers 
in wool factories, due l» inhalation of dust from 
infected wool. This is a hemorrhagic pneumonia 
with a high fatality rate. Hemorrhagic meningitis, 
may occur as a complication. 

Intestinal anthrax is rare and occurs mainly in 
primitive communities who eat the carcasses, of 
animals dying of anthrax. A violent enteritis with 
bloody diarrhea occurs, with high case fatality. 

Human anthrax may be industrial or non- 
industrial (agricultural). The former is found in 
workers in industries such sis meat packing or wool 
factories, Non-industrial anthrax is often an 
occupational disease in those who associate 
frequently with animals, such as veterinarians, 
butchers and farmers. It may also be found in the 
general population. Cutaneous anthrax used to be 
caused by shaving brushes made with animal hair. 
Stomoxys calcitrsms and other biting insects may 
occasionally transmit infection mechanically. 

Anthrax IS enzootic in India, the number of 
animals infected running into tens of thousands 
annually. The disease is rare in some countries such 
as Britain, where infection is imported through 

contaminated hides, bone meal fertiliser and other 

animal products- The extent of anthrax in human 
beings is not dear but about 20,000 to 100,000 
cases ate believed to occur annually throughout the 
world, mostly in rural areas- Large epidemics of 
anthrax were reported from Russia and Zimbabwe 
during 1978-80. An epizootic []f anthrax in sheep 
has been active near the Andhra-Tamil Nadu 
border, causing many cutaneous and 
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menifigoencephalkic human infections* with high 
mortality rate. There have been outbreaks in 
Karnataka and West Bengal. Anthrax infection in 
human beings provides permanent immunity and 
second attacks are extremely rare. 

Laboratory duignosisst Anthrax may he 
diagnosed bv microscopy* culture, animal 
inoculation and serological demonstration of the 
anthrax antigen in infected tissues. Acute and 
convalescent phase sera should be obtained, since 
antibodies to the organism can be demonstrated by 
gel diffusion, complement fixation* antigen coated 
tanned red cell agglutination and ELISA 
techniques. The type of test to be employed depends 
on the nature of tbs material available. 

When an animal is suspected to have died of 
anthrax, autopsy is not permissible, as the spilt blood 
will lead to contamination of the soil. An eat may 
be cut off from the carcass and sent to the laboratory. 
Alternatively, swabs soaked in blood or several 
blood smears may Ik sent, The demonstration of 
Gtitn punitive bacilli with the morphology ol 
an t b r ax b a cilli a ml a posi 1 1 V e \1' Fa dy e art’s re ac tio 11 
will enable the presumptive diagnosis to be made. 
1 mmunnfluoresce nt microscopy ear confirm the 
identification. Isolation of the bacillus is easy if gross 
coo lamination has not occurred. The anthrax 
bacillus can often be isolated from contaminated 
tissues by applying them over the shaven skin of a 
guinea pig. If is able to penetrate through minute 
abrasions and produce fatal infection, If the sample 
received is putrid so that viable bacilli ate unlikely, 
diagnosis may be established by A stroll's 
thermoprecipitin test by demonstration of the 
anthrax antigen in tissue extracts. 

Alter the hiotcimrism experience in the USA 
its 2001, the CDC (Centers for Disease Control) 

have prepared guidelines tor identification of anthrax 
bacillus, Any large Gram positive bacillus with the 
general morphology and cultural features of 
anthrax;, nomnotile, nonhemolytic on blood agar 
and catalase positive can he given * presumptive 
report of anthrax. For ini till confirmation, lysis by 


gammaphage and direct fluorescent antibody test 
(DFA) tor capsule spec]tic staining and for 
polysaccharide cell wall antigen are sufficient. 

For a further confirmation, PCR for anthrax 
bacillus 'pacific chromosomal markers ran he dune. 

For epidemiological studies and strain 
characterisation, MLVA {multiple locus variable 
number tandem repeat analysis) or AFLP (amplified 
fragment length polymorphism) can be used, 
Prophylaxis; Prevention of human anthrax is 
mainly by general methods such a* improvement 
of factory hygiene and proper sterilisation of animal 
products like hides and wool. Carcasses of animals 
suspected to have died of anthrax are buried deep 
in quicklime or Cremated to prevent soil 
contamination. 

Prevention of anthrax in animals is aided by 
active immunisation.The original Pasteur’s anthrax 
vaccine is of great historical importance. It was 
Pasteurs convincing demonstration of the protective 
effect of his anthrax vaccine in a public experiment 
.it Pouilly-lr-Futt in lSSl that marked the 
beginning of scientific immunoprophylaxis. 
Pasteur's vajodne was the anthrax bacillus attenuated 
by growth at 42—43 n C- 

As the spore is the common infective form in 
nature, vaccines consisting of spores of attenuated 
strains were developed. The Sterne vaccine 
contained spores of a noncapsulated avirulent 
mutant strain. Tire Mazucchi vaccine contained 
spores of stable attenuated Carbazoo strain in 2% 
saponin. The spore vaccines have been used 
extensively in animals with good results. Huey give 
protection for a year following a single injection. 
They are not considered safe for human use, though 
they' have been used for human irrmpnisarinn in 
Russia. Alum precipitated toxoid prepared from the 
protective Antigen has been shown to lie a safe and 
effective vaccine for human use. It has been used in 
persons occupationally exposed to anthrax infection. 
Three doses intramuscularly at Intervals of &ix 

wyeks, between first anti second, and six months, 
between second and third doses induce good 

Copyrighted material 



246 


* Tesibook of Microbiology * 


j mmunity, which can be reinforced if necessary with 
annual booster injections. 

Treatment: Antibiotic therapy tv effective in 
human cases but rarely succeeds in animals as 
therapy is not started sufficiently early. Antibiotics 
have no effect on the toxin once ir is formed. 
Penicillin and strop to my; in arc no longer used lor 
treatment. They have been replaced by doxycyeLine 
and ciprofloxacin, which are effective in prophylaxis 
and treatment. 

A NTH It ACOIU II AC 1LLI 

Many memhets of the genus bacillus. Other than 
the anthrax had ILlih have occasionally caused human 
infections. Of them, the most important is B. terms 
which from 1970 has been recognised as a frequent 
cause of foodborne gastroenteritis. It has also been 
associated with septicemia, meningitis, endocarditis, 
pneumonia, wound infections and other suppurative 
lesions, particularly as an opportunist pathogen, B. 
subtilis, B. lichcnifbrmis and a few other species 
have also been occasionally isolated from such 
lesions. These and a large number and variety of 
nonpathogenic aerobic spore bearing bacilli 
appearing as common contaminants in cultures and 


having a general resemblance to anthrax bacilli have 
been collectively called patuditiiiiih ntx or an thrjcaid 
bacilli. Table 27.1 lists the main differentiating 
features between them. 

BACILLUS CERE US 

B. cercm has become important as a cause of food 
poisoning. It is widely distributed in nature and 
may be readily isolated from soil,, vegetables and a 
wide variety of foods including milk, cereals, spices, 
meat and poultry B. certurs is generally motile but 
nonmotile strains may occur. It resembles B. 
mthrads except that it is not eapsulated and nor 
susceptible to gamma phage and docs not react with 
anthrax fluorescent antibody conjugate. Animal 
pathogenicity test also differentiates between the 
two, 

B. cere us produces two patterns of foodborne 
disease, One is associated with a wide range of foods 
including cooked meat and vegetables. Ir is 
characterised by diarrhea and abdominal pain, 
El-16 hours after ingestion of contaminated foods. 
Vomiting is rate. B- emu is not found in Urge 
numbers in fecal specimens from these patients. 
The second type is associated almost exclusively 


Table 27,1 Dilferenllatlng features belween anthrax and anthracold bacilli 



An thnur haciiir 

Anfh/tfcoid bacilli 

1, 

Nonmotile 

Generally motile 

2, 

Captukted 

Noncapsulared 

3, 

Crow in long chains 

Grow in short chains 

4, 

Medusa head colony 

Not present 

5. 

No growth in penicillin agar 
(10 units/ml) 

Grow usually 

6. 

Hemolysis absent or weak 

Usually well marked 

7. 

Inverted fir tree growth and 
slow gelatin liquefaction 

Rapid liquefaction 

S. 

No turbidity in broth 

Turbidity' usual 

9, 

Sabcin fermentation negative 

Usually positive 

10 . 

No growth ar 45 "C 

Grows usually 

11 . 

Growth inhibited by chloral hydrate 

Not inhibited 

12. 

Susceptible to gamma phage 

Not susceptible 

13. 

Pathogenic to laboratory animals 

Not pathogenic 
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with the consumption of cooked xice* usually fried 
rice from Chinese restaurants^ The illness is 
characterised by acute nausea and vomiting 1-.5 
hours alter the meal. Diarrhea is not common, 
B. LirjTtLT is present, Ln huge numbers in the cooked 
rice and fecal samples from these patients. Both 
types, of illness are mild and self limited, requiring 
OO specific treatment. 

It has been shown that the two types of disease 
are caused by strains of B , eereus belonging to 
different serotypes. The diarrheal disease is mostly 
caused by serotypes 2, 6, 8, 9, IQ or 12, while the 
rice associated emetic illness is caused by serotypes 
1, 3 or S. Isolates from the diarrhea! type of disease 
produce an enterotoxin which causes fluid 


accumulation in ligated rabbit ileal loop, resembling 
the hear labile enterotoxin, of Escherichia coil 
Strains causing the emetic type of disease produce 
a toxin which causes vomiting when fed to Rhesus 
monkeys, resembling staphylococcal enwrotoxlm 
The emetic toxin was produced only when B. Census 
was grown in rice but not in other media. Two 
mechanisms of action have been described for the 
enterotoxin of £ cereus, one involving stimulation 
of CAMP system and the other independent of it, 
A special mannitol-egg yolk-phenol red**- 
polymyxin apt (MYPA) medium is useful in 
isolating B. wieu# from feces and other sources, B, 
cenfLuf produces leeiihinase and ferments glucose 
but not mannitol. 
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The genus Clostridium consists of Gram positive, 
anaerobic, spore forming bacilli. The spores are 
wider than the bacillary bodies, giving the bacillus 
a swollen appearance, resembling a spindle. Hence 
the name Clostridium (i/fo-srer, meaning a spindle}. 
The genus contains bacteria responsible for three 
major diseases of human beings - gas gangrene, 
food poisoning and tetanus. Some of the pathogens, 
for example. Cl. pertringenf and Cl. nsta/ii are found 
normally in human and animal intestines. Marty 
species arc pathogenic but mnst are saprophytes 
found in soil, water and dceomposi ng plant and 
animal matter. Intestinal dostridia rapidly invade 
the blood and tissues of the host after death and 
initiate decomposition of the cadaver, Some (for 
example, C/. acctofruty/icimf) are of industrial 
importance, used for the production of chemicals 
such as acetone and butlfiol. 

Clostridia are highly pleomorphic. Tbev are rod 
shaped, usually 3—K pm * 0.4—1.2 Jim in size. Long 
filaments and involution forms are common. Spore 
formation occurs with varying frequency in different 
species. Some fO. sporogems) sporulafc readily 
while others (Cl perfringens) do so inconstantly, 
Speculation takes place in the animal body also. 
The shape and position of spores vary in different 
species and these are of use in the identification 
and classification of Clostridia. Spores may be: 

1. Central or equatorial, giving the bacillus a 
spindle shape (C7. bifermenons). 

2. Subrerminaj, the bacillus appearing club shaped 
[Cl perfring-en.';}. 

3. Oval and terminal, resembling a rennis racket 
(O. ferrium). 


4. Spherical and terminal, giving a drumstick 
appearance (Cl frfanjL 
Clostridia are motile with peritrichatc fiagclla, 
with few exceptions such as Cl perfringena and 
Cl reran/type VI which are nonmotik.Thc motility 
is slow and has been described as "stately'. Cl 
pertringenf; and Cl. hu Otiltjjtj art Capitulated, while 
others arc not. 

Clostridia are easily stained. They arc Gram 
positive but in older cultures, cells ate often Gram 
variable, or even frankly Cram negative. 

Clostridia arc anaerobic. The sensitivity to 
oxygen varies in different species. Some (for 
example. Cl. novyi) sue exacting anaerobes and die 
on exposure to oxygen, while some others (for 
example, Cl h/stoJybctim) are aerotolerant and may 
even grow aerobically. More important than the 
absence of oxygen is the provision of a sufficiently 
low redox potential (ISh) in the medium. This can 
be achieved by adding reducing substances such as 
unsaturaU'd fatty acids, ascorbic acid, glutathione, 
cysteine, tliloglycollie acid, alkaline glucose, 
sulphites or metallic iron. A small concentration 
ofC0 2 appears to enhance growth. The optimum 
temperature for pathogenic Clostridia is 37 "C. 
Some saprophytic clontridia are thermophilic and 
others- psvchmphylic. The optimum pH is 7-7.4. 

Growth is relatively slow on solid media. 
Colonial characteristics are variable, Some species 
are hemolytic on blood agar, A very useful medium 
is Robertson's cooked meat broth. It contains 
unsatnrated fatty acids which take up oxygen, the 
reaction being catalysed by hemacin in the meat, 
and also sulphvdril compounds which bring about 
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a reduced OR potential. Clostridia grow in the 
medium r rendering the broth turbid. Most species 
produce gas. Saccharolytic species him the meat 
pink. Proteolytic species turn the meat black and 
produce foul and pervasive odours. In litmus milk 
medium, the production of acid, dot and gas can 
be detected. 

The vegetative cells of clostridiii do not differ 
from ilunsporing bacilli in their resistance to 
physical and chemical agents. The spores exhibit a 
pronounced but variable resistance to beat, drying 
and disinfectants, Spores of CL hotulittiirn survive 
boiling after fe-4 hours and even at 105 J C are not 
killed completely in less than 1 DO minutes. Spores 
of most -strains of Q. perririigens are destroyed by 
boiling for less, than five minutes but sports of some 
Type A strains chat cause food poisoning survive 
for several bouts. Cf- tetani spores persist for years 
in dried earth. Spores of some strains of CL reran) 
resist boiling for 15-90 minutes, though in most 
Cases, they ate destroyed within five mi notes, All 
species are killed by autoclaving at 121 *C within 
20 minutes, Spores are particularly resistant to 
phenolic disinfectants. Formaldehyde is not very 
active and spores may sometimes survive immersion 
in 2% solution for uptu five days. Halogens are 
effective and 1% aqueous iodine solution kills spores 
within three hours, Glutaraldchydc (2% at pH 7,5- 
8.5) is very effective in killing spores. In general, 
Clostridia are susceptible to metronidazole, 
penicillin, cephalosporins and chloramphenicol" 
less so to tetracyclines, and resistant to 
aminoglycosides and quinoloncs, 

Clostridia can produce disease only when the 
conditions are appropriate. Their invasive powers 
are limited- Pathogenic clostridia form powerful 
CKOfOxifiS. CL btituhn Lun is virtually non invasive and 
noninfectious. Botulism is due to the ingestion of 
preformed toxin in food. CL femur has Little invasive 
property and is confuted to the primary site of 
lodgement. Tetanus results from the action of the 
potent exotoxin it produces. The gas gangrene 
clostridia* besides being toxigenic, arc also invasive 


and can spread along tissues and even cause 
septicemia. 

Many methods have been adopted for the 
classification of clostridia. These include 
morphological features such as the shape and 
position of spores and biochemical features such 
as saecharolvtic and proteolytic capacities (Table 
28-1). Clostridia of medical importance may also 
he considered under the diseases they produce (sec 
classification below). 

CLOSTRIDIUM PERFRINGENS 

(CL welch il, Bacillus aerogeacs opauhtos, 

B, phlegmonis cmphyxmatosac) 

The bacillus was originally cultivated by Achalme 
(1891) but was first described in detail by Welch 
and Nuttall (1892), who isolated it from the blood 
and organs of a cadaver. This is the most important 
ot the clustridia causing gas gangrene. It also 
produces food poisoning and necrotic enteritis in 
human beings and many serious di scascs imam mats, 

O. perfringens h a normal inhabitant of the 
large intestines ul human beings and animals. It is 
found in the feces and it contaminates the skin of 
the perineum, buttocks and thighs, 'llie spores arc 
commonly found in soil, dust and air. 
Morphology: It is a plump, Oram positive 
bacillus with straight, parallel sides and rounded 
or truncated ends, about 4-b pm * 1 pm, usually 
occurring singly or in lIulliis or small bundles. It is 
pleomorphic, and filamentous and involution forms 
arc common. It is capsulated and nonmotile- Spores 
are central or subtcrmLnal but are rarely seer in 
artificial culture nr in material hum pathological 
lesions, and their absence is one nfthe characteristic 
morphologkiil features of C7. perinngens. 
Cultural characteristics: lr is an anaerobe 
but can also grow under microaerophiLie conditions.. 
Oxygen is not actively toxic to the bacillus and 
cultures do nut die on exposure to air, as happens 
with some fastidious anaerobes. It grows over a 
pH range of 5.5-8.0 and temperature range of 
2{FC-50 :> C, Though usually grown at 37 D C, a 
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temperature of 45 °C h optimal for many strains, 
The generation time at this temperature may be as 
short as ten minutes. This propertv can be utilised 
for obtaining pure cultures of CL perfringens. 
Robertson's cooked meat broth inoculated with 
m betimes of CL perfringens and other bacteria and 
incubated at 45 °C for 4-6 hours serves as an 
enrichment. Subcultures From this onto blood 
agar plates yield pure or predominant growth of 
Cl. perfringens. 

Good growth occurs in Rober [son’s cooked meat 
medium- The meat is turned pink but is rot 
digested. Tdie culture has an add reaction and a 
sour odour. 

In litmus milk, fermentation of lactose leads ro 
formation of acid* which is indicated by the change 
in the colour of litmus from blue to red. The acid 
coagulates the casein (acid clot) and the clotted 
milk is disrupted due to the vigorous gas 
production. The paraffin plug is pushed up and 
shreds of clot are seen Sticking to the sides of the 
tube. 'this, is known as 'stormy fermentation. 

After overnight incubation on rabbit* sheep or 
human blood agar, colonies of most strains show a 
'target hemolysis’, resulting From a narrow zone of 
complete hemolysis due to theta toxin and a much 
wider zone of incomplete hemolysis due to the alpha 


toxin. This double zone pattern of hemolysis may 
fade on longer incubation. 

ttioehciflicnl react ion s: Glucose,, maltose, 
lactose and sucrose arc fermented w r ith the 
production of acid and gas.. Ir is indole negative, 
MR positive and VP negative. H,S is formed 
abundantly; Most strains reduce nitrates. 
Resistance: Spores arc usually destroyed 
within five minutes hy boiling but those of the 
food poisoning 1 strains ofTypc A and! certain Type 
C strains resist boiling for 1-3 hours. Autoclaving 
of 121 & C for 15 minutes is lethal. Spores are 
resistant to the antiseptics and disinfectants in 
common use. 

Glassification: CL perfringens strains are 
classified into five types* A to E* based on the toxifts 
they produce. Though the bacillus produces a large 
number of toxins, typing depends on the four'major 
toxins'- Typing is done by neutralisation tests with 
specific antitoxins by intracutaneous injections in 
guinea pigs or intravenous injection in mice. 
Toxin*: CL perfringens is one of the most prolific 
of toxin-producing bacteria, forming at least 12 
distinct toxins, besides manv other enzymes and 

j jr 

biologically active soluble substances. The four 
'major toxins’* alpha, beta* epsilon and iota, are 
predominantly responsible for pathogenicity. The 


Table 28.1 A morphological and biochemical classification of Clostridia 



Both proteolytic and faechurolvnc 




Position 
of spores 

Pro tc a lytic 
predonuna ting 

Siccharolytic 

predominating 

Slightly proteolytic Sttcchtrolytic 
but nof bur not 

saccframlytk proteolytic 

Neither 
proteolytic nor 
sacch analytic 

Central or 
subterminal 

CL biferme/itins 
Cl. hotulinum 
A.B.F. 

C’f. histolyticum 
CL sordelli 

CL sporogenes 

Ci. perfringens 

Ci- septjeujii 

CL chauvoei 

Cl. nowi 


a Mu 

CL batulinum 
C.D.E 


Oval and 
terminal 

~ 

CL difficile 


CI. te/fium 

C/.ftichicdnijn 

Spherical 

and 

terminal 



Cl . trtarrr 

Cl- tetunomorphum 
Cl. rphcnoidcs 
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ClQiirfdta as human paihogens 
A. The gas gfmgrnt group; 


1. Established 

Cl-ptrfrfogem 

pathogens 

CL septuuwt 

Cl. noty] 

2. Lew pathogenic 

Cl. histolyiiciim 
CL falhx 

3, Doubtful pathogens 

Cl. btfermentam 
Cl sporogenex 

5. Tetanus: 

Cl. rctsni 

C. Food poisoning: 

1. Gastroenteritis 

Cl pertnngens 
{'Type A) 

2. Necroiising emeriti* 

CL peftnngvm 
{Type C) 

3. Botulism 

CL bvmiinunr 

D, Acute colitis 

a. diffkfc 


alpha (a) toxin is produced by all types of Cl. 
pcrUingcns and most abundantly hyType A. strains. 
Th is in the most important toxin biologically and 
is responsible For the profound toxemia of gas 
gangrene. It is lethal, dertnoueciotic and hemolytic. 
It is a phospholipidase [lecithinasc L > which, in 
the presence of Ca™ and Mg'" ions, splits lecithin 
into pho&phoryl choline and diglytende. This 
reaction is seen as am opalescence in serum or egg 
yolk media and is ■specifically neutralised by rhe 
antitoxin- When Cl, perfrmgem is grown on a 
medium containing 6% agar, S% Fildes' peptic 
digest of sheep blood and 20% human serntn, with 
the antitoxin spread on one half of the plane, colonies 
on the other half without the antitoxin will he 
surrounded by a zone of opacity. There will be no 
opacity around the colonies on the half of the plate 
with the antitoxin., due to the specific neutralisation 
of die alpha toxin. This specific lecithinase effect; 
known as Tbs; N aglet reaction, as a useful test for 
the rapid detection ui Q pcrfangenn in clinical 

specimens (Fig, 284). The incorporation of 
neomycin sulphate in the medium makes it more 
selective, inhibiting conforms and aerobic spore 
bearers. Human serum may be replaced by 5% egg 


voile. The opalescence in the egg; yolk media may 
he produced by other lecithinase forming bacteria 
also (Cl. iHivp f O- brtrrmenTsns, some vibrios, some 
aerobic spore bearers). In the case of these bacteria, 
the reaction is not neutralised by the Cl. pcrtringCflS 
antitoxin, except with O- hl/ermcjrtsnfl which 

produces a serologically related keithinase, 

The alpha toxin is hemolytic for the red cells 
of niosr species, except horse and goat, due to its 
action on the phospholipids on the erythrocyte 
membranes. The lysis is of the hot-cold variety, 
being best seen after incubation at 37 ®C followed 
by chilling at 4 T. It is relatively heat stable and is 
only partially inactivated by boiling tor five minutes. 

Beta (P), epsilon (e) and iota iij toxins have 
lethal and necrotising properties. Gamma (y) and 
eta (T|) toxins have minor lethal actions. The delta 
(5) toxin has a lethal effect and is hemolytic for 
the red cells of even-toed ungulates (sheep, goats, 
pigs, cattle). The theta (0) toxin Is an oxygen labile 
hemolysin anrigcnkally related to sTteptolvsi n O- 
It is also lethal and a general cytolytic toxin. The 
kappa (*) toxin is a collagcnasc. The lambda (X) 
toxin is a proteinase and gelatinise. The mu (pi) 
toxin js a hyaluronidase and the nu (v) toxin a 
deoxytribonuclcasc. 

Besides the toxins, CLpertriagens also produces 
other soluble substances, some of which possess 
enzymatic properties. These include the enzymes 
which destroy the blood group substance, A and 
H, a neuraminidase which destroys myxovirus 
receptors on red blood cells, a substance which 
renders red blood cells, panagglutinable by exposing 
their T antigens, a hcttnagglurinm active against t he 
red blood cell® of human beings and most animals, 
a fibrinolvsm,. j hemolysin distinct from alpha, 
theta and delta- toxins, histamine, a ‘bursting factor 
which has a specific action on muscle tissue and 
may be responsible for the characteristic muscle 
lesions in gas gangrene and a circulating factor' 
which can cause an increase in the adrenaline 
sensitivity of the capillary bed and also inhibit 
phagocytosis. 
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Pathogenicity 

CJ perfringctis produces the following human 
infections: 

Gas £angrtrte‘ CL ptdnagea$ Type A is the 
predominant agent causing gas gangrene- It may 
occur as the sole etiological agent hut is more 
WTnrnonly seen In association with other dtttridk 
as well as nondosttidial anaerobes and even aerobes. 
All dostrldlal wound infections do not result in 
gas gangrene. More commonly, they lead only to 
wound contamination, or anaerobic cellulitis. It Is 
only when muscle tissues arc invaded that gas 
gangrene (anaerobic myositis) results. 

Food poisoning: Some strains ot Type A 
(food poisoning strains) can produce food poisoning. 
They are characterised by the marked heat 
resistance at their spares and the feeble production 
of alpha and theta toxins. They have been shown 
to produce a heat labile enteroioxin which, like 
the entertjtoxins of V. choknc and enterotoxigenic 
E. coil. Leads to fluid accumulation in the rabbit 
ileal loop. 

Food poisoning by CJ. pcrfrutgais is usually 
caused by a cold or warmed up meat dish. When 
contaminated meat is cooked, the spores in the 
interior may survive. During storage or warming 
they germinate and multiply in the anaerobic 
environ merit in the cooked meat. Large numbers 
of clostridia may thus be consumed, which may 
pass unharmed by the gas trie acid due to the high 
protein in the meal and reach the intestines where 
they produce the encerotoxin. After an incubation 
period of St-24 hours, abdominal pain, diarrhea and 
vomiting set in. The illness is self-limited and 
recovery occurs in 24-48 hours- Diagnosis is made 
by isolating heat resistant CL perfringens Type A 
from the feces and food, As this may be present in 
normal intestines, isolation from fetes, except in 
large numbers is not meaningful. Isolation from 
food has to be attempted by direct plating on 
selective media, as the bacillus is present in food 
mainly as the vegetative cells. 



Fig, £3.1 Nagker n&wlion. CL pertrlngens colonies on 
the right ball ol Ihe plate are surrounded by haloes, 
while colonies on Ihe let! half (containing antiserum 
to alpha toxin} have no haloes around them. 

Gangrenous appendicitis: CJ, ptrfringcns 
Type A (and occasionally Type D) strains have been 
isolated from gangrenous appendicitis. The 
demonstration of antitoxin in these patients and tile 
beneficial effects of the administration ofantitoxin also 
suggest the etiological role of the bacillus in this 
condition. It has been proposed that the toxemia and 
shock in some cases of intestinal obstruction and 
peritonitis may be due to the Conns of CJ. perfnngens, 
Necrolising enteritis: This is a severe and 
often fatal enteritis known by different names in 
different countries: Germany (Darmbrand), New 
Guinea (pigfael). East Africa, Thailand and Nepal. 
It is caused by CJ- pa6ingau type C strains with 
heat resistant spores which germinate in the 
intestine producing beta toxin causing mucosal 
necrosis. The evocative name 'pigbel’ is New Guinea 
pidgin for abdominal pain and diarrhea following 
unaccustomed feasting on pig meat along with 
trypsin inhibitors like sweet potatoes. Immunisation 
with type C toxoid has been shown to protect 
against this condition. 
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It Hilary tract infection: CL periiiagens his 
beer reported to produce two rare hut serious 
infections ol the biliuy tract - acute emphysematous 
cholecystitis and postcholecystectomy septicemia, 
Endogenous gas gangrene of intra- 
abdominal origin: Gas gangrene of the 
abdominal wad has been reported as an infrequent 
complication of abdominal Surgerv. The infection 
is endogenous, the organism being derived from 
the gut and contaminating the abdominal wait 
during surgery. Cas gangrene of the thigh as a result 
of infection [racking from the abdomen has also 
been reported. 

Bruin abscess and meningitis: Brain 
abscess and meningitis due to Cl. pcriiingaa have 
been reported very rarely. 

Panophthalmitis: Panophthalmitis due to Q. 
pertiingens has occasionally followed penetrating 
eye injuries. 

Thoracic infections: Clostridia] infection of 
the chest cuviry may follow penetrating wounds of 
the thorax. This is more often seen in battle 
casualties than in civilian situation*. 

Urogenital infections; Infection nf the 
urinary tract may occasionally follow surgical 
procedure such as nephrectomy. Clostridial 
infection of the uterus is a serious and not infrequent 
condition, commonly associated with septic 
abortion. Septicemia is common in this condition. 

CLOSTRIDIUM SEPTICJM 

This bacillus was first described by Pasteur and 
Joubcrr (1387) and called Vifemwi septwjue. It is a 
pleomorphic bacillus, about 5-6 pm « 0,6 pm in 
sixe> forming oval, central or subterminal spores. It 
is motile by peritrichate flagella. Growth occurs 
anacrohkally on ordinary media. The colonies ate 
irregular and transparent initially, turning opaque 
on continued incubation. Hemolysis occurs on 
horse blood agar. Growth is promoted by glucose. 
It is saccharolytic atiid produces abundant gas. 

Six groups have been recognised, based on 
somatic and flagellar antigens. Cl. scpiicum 


produces at least four distinct toxins and a 
fibrinolysin. The alpha toxin is hemolytic, 
der mo necrotic and lethal, the beta toxin is a 
leucotoxic deoxyribonuclease, the gamma toxin a 
hraluronidase and the delta toxin an oxygen labile 
hemolysin, 

CL acpticum is found in the soil or in animal 
in res tines. It is associated with gas gangrene in 
human beings, usually with other clostridia. It also 
causes a hraxy‘ in sheep and 'malignant edema' in 
cattle and sheep. 

CLOSTRIDIUM NGVYI 

(Cjf, oedemacrejia) 

This is a large, stout, pleomorphic. Gram positive 
bacillus with large, oval, subterminal spores. It is 
widely distributed in soil. It is a strict anaerobe, 
readily inactivated by exposure of cultures to air. 
Four types (A to D) are recognised, based on the 
production of toxins. Only type A is of medical 
importance, as it causes gas gangrene, G as gangrene 
caused by CJ. novyl is characterised by high 
mortality and large amounts of edema fluid with 
little or no observable gas in infected tissue. Other 
types ptoduce veterinary disease. There was a lethal 
outbreak of CL n&vyi type A infection in heroin 
addicts in Britain in 2000- 

CLOSTRIDIUM HISTOLYT1CUM 

This is an actively proteolytic clostridium, forming 
oval, subterminal, bulging spores. This is 
aero tolerant and some growth may occur even in 
aerobic cultures. It forms at least five distinct toxins. 
It is infrequently associated with gas gangrene in 
humans. 

GAS GANGRENE 

Oakley (1954) defined gas gangrene as a rapidly 
spreading, edematous myonecrosis, occurring 
characteristically in association with severe wounds 
of extensive muscle masses that have been 
contaminated with pathogenic clostridia, 
particularly with CL perfringem, The disease has 
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been referred to in the past as ‘malignant edema. 
Other descriptive terms that have been used are 
'anaerobic Clostridial) myositis' and "clostridial 
myonecrosis'. 

Gas gangrene is characteristically a disease of war, 
in which extensive wounds with, heavy contamination 
are very common. In civilian lift:, the disease generally 
follows road accidents or other types of injury 
involving crushing of large muscle masses. Randy, it 
may wen follow surgical operations. 

The bacteriology of gas gangrene Li varied. 
K a rely is rhb due to infection with a single 
Clostridium. Generally, several species of clostridia 
arc found in association with anaerobic streptococci 
and facultative anaerobes such as E. mJi, protrens 
and staphylococci. Among the pathogenic clostridia, 
CV. f'criringenx is the most frequently encountered 
(approximately 60 pet cent), and Cl. now and Cl. 
scptkum being the next common (20-40 per cent), 
and CL hiKfahlkum less often. Other clustridia 
usually found are Cl. sporogcaes, CL fnllix, 
CL fufertTien raris, Cl. adftlcllii, CL Mrtifbetiduin and 
CL rermm?. These may not be pathogenic by 
themselves. The relative incidence of die different 
species varies in different Series of cases and may 
be a reflection, of the distribution of the species in 
different soils. 

Clostridia usually enter the wounds along with 
implanted foreign panicles such as soil (particularly 
manured or cultivated soil), road dust, bits of 
clothing or shrapnel. Clostridia may also be present 
on the normal skin, especially on the perineum and 
thighs. Infection may at times he endogenous. Gas 
gangrene may occasionally folk.™' clean surgical 
procedures {especially amputations for vascular 
disease) and even injections (especially adrenaline). 

The mere presence of dostridia in wounds docs 
not constitute gas gangrene. Mac hetman has 
distinguished three types of anaerobic wound 
infections: 

Simple wound contamination with no invasion 
of the underlying tissue, resulting, in little more than 
some delay in wound hcaling- 


Anaetobic cellulitis in which dostridia invade 
the fascial planes, with minimal toxin production 
and H9 invasion of muscle tissues- The disease is 
gradual in onset and may vary from a limited ‘gas 
abscess’ to the extensive involvement of a. limb. 

Anaerobic myositis or gas gangrene, which is 
the most serious, associated with clostridial invasion 
of healthy muscle tissues and abundant formation 
of evntoxrns- Gas gangrene results only it the 
conditions favourable for clostridial multiplication 
exist net the wound. 'Fhe StO.il important of these is 
low oxygen tendon-This is achieved ideally in battle 
wounds in which there are implanted bullets or 
shell fragments, along w Lth bits of clothing and 
soil particles. The ionised calcium salts and silicic 
add in the sod cause necrosis. Crushing tissue or 
fearing of the arteries produces anoxia of the 
muscle. Extravasation of blood increases the 
pressure on the capillaries, reducing the blood 
supply Still further. The Eh and pH of tile damaged 
tissues fall, and these changes along with the 
chemical changes that occur within the damaged 
and anoxic muscles, including breakdown of 
carbohydrates and liberation of aminoacids from 
proteins, provide an ideal pabulum for rhe 
proliferation of anaerobes. Extravasated hemoglobin 
and myohemoglobin are reduced and cease to act 
as- oxygen carriers . As a result, aerobic oxidation is 
halted and anaerobic reduction of pyruvate to lactate 
leads to a further fall in Eh, 

The clostridia multiply and elaborate toxins 
which cause further tissue damage. The lecithinases 
damage cell membranes and increase capillary 

permeability', leading to extravasation and increased 
tension in the affected muscles, causing further 
anoxic damage. The hemolytic anemia and 
hemoglobinuria seen in Cl. parfringeas infections 
are due Co the lysis of erythrocytes by the alpha 
toxin. The collagetiases destroy collagen barriers 
in the tissues and hyaluronidascs break down the 
intercellular substances furthering invasive spread 
by the clostridia- The abundant production of g» 
reduces the blood supply still further by pressure 
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effects, extending the area of anoxic damage. It thus 
becomes possible foe the infection to spread from 
the original site., making the lesion a progressive 
one, 

The incubation period may be as short as seven 
hours or is long as sk weeks after wounding, the 
average being 10—48 hours with Cl. perffingenv, 
2-3 dap with CL septiaun and 5-6 dap with 
CL nwyi infection The disease develops with 
increasing pain, tenderness and edema of the 
affected part along with systemic signs of toxemia. 
The nr is a thin watery discharge from the wound, 
which later becomes profuse and seromtguinous, 
Accumulation of gas makes the tissues crepitant. 
In untreated eases, the disease process extends 
rapidly and inexorably. Profound toxemia and 
prostration develop and death occurs due to 
circulatory failure. 

Laboratory diagnosis: The diagnosis of gas 
gangrene must be made primarily on clinical 
grounds, and the function of the laboratory is only 
to provide confirmation of die clinical diagnosis as 
well as identification and enumeration of the 
infecting organisms. Bacteriological examination 
also helps ro differentiate gas gangrene from 
anaerobic streptococcal myositis, which may be 
indistinguishable from it clinically in the early 
stages, In the latter, Gram stained films show large 
numbers of streptococci and pus cells, but nor 
badlh, contrasting with the scanty pus cells and 
diverse bacterial flora seen in films- from gas 
gangrene. 

The specimens to be collected arc: (1) films 
from the muscles at the edge of the affected area, 
from the tissue in the necrotic area and fro in 
the exudate in the deeper parts of the wound; 
(2) exudates from the parts where infection appears 
to be most active and from the depths of the wound, 
to be collected with a capillary pipette or a swab; 
and (31 necrotic tissue and muscle fragments. 

Gram stained films give presumptive 
information about the specks of clostridia present 
and their relative numbers. The presence of large 


numbers of regularly shaped Gram positive bacilli 
without spores is strongly suggestive of CL 
perfiirigms infection. 'Citron bodies" and boar or 

leaf shaped pleomorphic bacilli with irregular 

staining suggest Cl septicum. Large bacilli with 
oval, subtermma! spores indicate CL wnryi- Slender 
badLIi with round, terminal spores may be Cl tetani 
or O- tetanomarphum. 

Aerobic and anaerobic cultures are made on 
fresh and heated blood agar, preferably on 5-6 per 
cent agar to prevent swarming. A plate of serum 
or egg yolk agar, with CL pcr&ingcm antitoxin 
spread on one half is used for the 'Magler reaction, 
Four tubes of Robertson's cooked meat broth are 
inoculated and heated at 100 "C for 5,10, 15 and 
20 minutes, incubated and subouleured on blood 
agar plates after 24-48 hours, to differentiate the 
organisms with heat resistant spores,. Blood cultures 
are often positive, especially in CL perlnngcm and 
CL septicutn infections. However Cl. petfringetu 
bacteremia may occur without gas gangrene. The 
isolates are identified based on their morphological, 
cultural, biochemical and toxigenic characters. 
Prophylaxis and therapy: Surgery is the 
most Important prophylactic and therapeutic 
measure in gas gangrene, All damaged tissues 
should be removed promptly and the wounds 
irrigated to remove blood dote, necrotic tissue and 
foreign materials. In established gas gangrene, 
uncompromising extisfon of *U affected parts may 
be life-saving, Where facilities exist, hyperbaric 
oxygen may be beneficial in treatment. 

Antibiotics are effective in prophylaxis, in 
combination with surgical methods. The drug of 
choice is: metronidazole given IV before surgery' 
and repeated 8 hourly for 24 hours. As mixed 
aerobic and anaerobic infections are usual, a more 
broad spectrum antibiotic prophylaxis, such as a 
combination of metronidazole, gentamicin and 
amoxycillin is advisable.. 

Passive immunisation with 'anti-gas gangrene 
serum” (equine polyvalent antitoxin in j dose of 
lfoOOO IU Cl- periringens, 1C}, WO 1U CL TWvyi Mid 
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5 >000 IU CL sepraVurti antitoxin given IM or in 
emergencies IV) used to be the common practice 
eh prophylaxis. However, in view of its uncertain 
efficacy and availability, its use has become ritre. 

CLOSTRIDIUM TETAMI 

CL retail/ is the causative organism of tetanus. 
Tetanus has been known fmn very early times, 
having been described by Hippocrates and Arctacus. 
Carle iind Rattoire (1894) transmitted the disease 
to rabbits, Nicolaier (18B4), studying the 
experimental disease, suggested that the 
manifestations of tetanus were due to a strychninc- 
likc poison produced by rhe bacillus multiplying 
locally. Roscnhach ( 1886 ) demonstrated ;s slender 
bacillus with round terminal spores tn a case of 
tetanus. The final proof of the etiological role of 
the bacillus in tetanus was furnished by Kltasato 
(1889) who isolated it in pure culture and 
reproduced the disease in animals by inoculation 
of pure cultures. 

Q tetmi is widely distributed in soil and in the 
intestines ofhuman beings and animals. It is ubiquitous 
and lias been recovered from a wide variety ul other 
sources, indudiflg h freer and hospital dust, cotton wool, 
plaster of Pans, bandages,, catg ut, talc, wall. plaster 
and clothing. It may occur as an apparendy harmless 
contaminant in wounds. 

\h irpholo^jyt It is a Gram positive, slender 
bacillus, about 4-8 pm * 0.5 p.m though there raav 
be considerable varia tion in length. Lt has a straight 
axis, parallel sides and rounded ends. It occurs singly 
and occasionally in chains. The spores arc spherical, 
terminal and bulging, giving the bacillus the 
characteristic "drumstick' appearance (Fig, 28-2), 
The morphology of the spore depends on its stage 
of development and the young spore may be oval 
rather than spherical. It is noncapsulated arid motile 
by peritrichatr flagella. Young cultures are strongly 
Gram positive but older cells show variable staining 
and may even be Cram negative. 

1 lutUi.ni] cIilitlil ton sties: It is an obligatory 
anaerobe that grows only in the absence of oxygen. 


The optimum temperature is 57 :: C and pH 7.4. It 
grows on ordinary media. Growth is improved by 
blood and serum but not by glucose. Surface colonies 
are difficult to obtain as the growth has a marked 
tendency to swarm over the surface of the agar, 
especially if the medium is moist. Art extremely 
fine, translucent film of growth is produced that is 
practically invisible, except at the delicately 
filamentous advancing edge. This property enables 
the separation of CL ietam from mixed cultures. If 
the water of condensation at the bottom of a slope 
of nutrient agar is inoculated with the mixed cell 
culture, niter incubation anaerobically for 24 hours, 
subcultures from the top of the tube will yield a 
pure growth of the tetanus bacillus (Fildfs* 
technique). 

In deep agar shake cultures, the colonics arc 
spherical fluffy balls, 1—3 mm in diameter, made 
up of filaments with a rad id arrangement. In gelatin 
stab cultures a fir tree type of growth occurs, with 
slow liquefaction. 

Itgniws well in Robertson's cooked meat broth, 
with turbidity and some gas formation. The meat 
is riot digested but is turned black on prolonged 
incubation. 



Fig. 211,2 Cl. tetani, some with spores and some without 
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On blood agar, a hcmoljrsis is produced, which 
liter develops into |J hemolysis, due to the 
production of hemolysin (tctanolysin). 

Bine hemic a I reactions: CL reran; has Iceblt 
proteolytic but no saccharolytic property. It does 
not attack an)' sugar. If forms indole It is MR and 
VP negative. H 2 5 is not formed. Nitrates are not 
reduced.. Gelatin liquefaction occurs very slowly A 
greenish fluorescence is produced on media 
containing neutral red (as on Mac Con keys 
medium). 

Resistance: The resistance of tetanus spores to 
heat appears tea be subject to strain differences. Most 
are killed by boiling for 10-15 minutes but some 
resist boiling for upto three hours.. When destruction 
of spores is. to he ensured,, autoclaving at 121 °C 
for 20 minutes is recommended. On the other hand, 
when heat is applied in order to free cultures of CL 
fr 1 torfrom nnnspormg jamMmmanlfi, it is important 
not to exceed 80 ~C for 10 minutes, as even this 
mild treatment can cause considerable destruction. 
Spores are able to survive in soil for years, and are 
resistant ro most antiseptics. They ate not destroyed 
by 5% phenol or 0.1% mercuric chloride solution 
i n two weeks Ot more. Iodine (1% aqueous solution) 
and hydrogen peroxide {10 volumes) kill the spores 
within a tew hours. 

Glassification: Ten serological types have been 
recognised based cm, agglutination (types i to X). 
Type VI contains nonflageUated strains. All other 
types possess type specific flagellar antigens. All 
the types produce the same toxin, which is 
neutralised by antitoxin produced against any one 

TF- 

"lovins: CL tie torn' poduces at least two distinct 
toxins^-—a hemolysin (trfanpfrsfrO and a powerful 
oeurotoxin (feranojpas/njfr). The two are 
antigenicaHy and pharmacologically distinct and 

their production is mutually independent- A third 
toxin, a nonspasmogenic, peripherally active 
neurotoxin, has been identified. It is not known 
whether this plays any rule in the pathogenesis of 
tetanus, 


Teranolysin is a heat Labile, oxygen labile 
hemolysin, antigen ically related to the oxygen labile 
hemolysins produced Iw CL petfairigeti&, CL novyi 

and Str. pyogens. It is. not relevant in the 
pathogenesis of tetanus,. 

Tetancrepas m i n is the toxin responsible tor 
tetanus, I t is oxygen stable but relatively heat labile, 
being inactivated at 65 ®C in five minutes, it is 
plasmid coded. It gets toxoided spontaneously or 
in the presence of low concentrations of 
formaldehyde. Ii is a good antigen and is specifically 
neutralised by the antitoxin. The toxin has been 
crystallised. k is t simple protein composed of a 
single polypeptide chain. On release from the 
bacillus, it is autolvsed to form a heferodimer 
consisting of a heavy chain (93,000 MW) and a 
light chain (52,000 MW) joined by a disulphide 
bond. Tetanus and borulinum toxins resemble each 
other in their aminoscid sequences. 

The purified toxin is active in extremely small 
amounts and has an MLD tor mice of about 50-75 
* 10 6 mg- The amount of toxin produced depen As 
on the strain of bacillus and the type of culture 
medium uised. Ira MLD for human beings is about 
130 nanograms. There is considerable variation in 
the susceptibility of different species of animals to 
the toxin. The horse is die most susceptible. Guinea 
pigs, mice, goats and rabbits are susceptible in that 
descending order. Birds and reptiles are highly 
resistant. Frogs, which are normally insusceptible, 
may be rendered susceptible by elevating their body 
temperature. 

F J nt bosonic fry: Cl. reran; has little invasive 
power. Washed spores injected into experimental 
animals do not germinate and are destroyed by 
phagocytes. Germination and toxin production 
occur only if favourable conditions exist, such as 
reduced O-R potential, devitalised tissues, foreign 
bodies or concurrent infection- The toxin produced 
locally is absorbed by the motor nerve endings and 
transported to (he central nervous system 
intraxnnally.The toxin is specifically and avidly fixed 
by ganglioaides of the grey matter of the nervous 
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tissue. reianospasmm resembles strychnine in its 
effects. The tetanus toxin spceifiodly blocks synaptic 
inhibition in the spinal cord, presumably at 
inhibitaiy terminals. that use glycine and GABA as 
neurutiinsmiltent. The toxin acts piesynaptica]Iv, 
unlike strychnine which acts postsynaptically. The 
abolition of spinal inhibition causes uncontrolled 
spread of impulses initiated anywhere in the central 
nervous system. This results in muscle rigidity and 
spasms due to the simultaneous contraction of 
agonists and antagonists, in the absence of reciprocal 
inhibition. The convulsion pattern is determined 
by the mast powerful muscles at a given point, and 
in most animals is characterised by tonic extension 
of the body and of all limbs. 

The toxicity of tetanospasmin is influenced by 
the route by which it is administered. Given orally, 
it is destroyed by the digestive enzymes and is 
without effect. Subcutaneous,, intramuscular and 
intravenous injections are equally effective. 
Intramural injections are more lethal and injections 
directly i nto the central nervous system very much 
more so. The route of administration also modifies 
the clinical picture. Experimental tetanus may 
accordingly, be of the "local*, 'ascending* or 
'descending' variety. These differences arc related 
to the manner in which the toxin reaches and is 
disseminated in the central nervous system. 

When the toxin is inoculated intramuscularly 
in one of the hindtimhs, tonic spasms of the muscles 
of the inoculated limb appear first This is known 
as focal returns- and is due to the toxin acting on 
the segment of the spinal cord containing the motor 
neurons of the nerve supplying the inoculated area. 
Subsequent spread ot the toxin up the spinal cord 
causes 'ascending tetanus'. The opposite hind limb, 
trunk and fore-limbs are invoked in an ascending 
fashion. If the toxin is injected intravenously, 
spasticity develops first in the muscles of the head 
and neck and then spreads downwards (descending 
tetanus). This type resembles the naturally occurring 
tetanus in human beings. 


TETANUS 

Tetanus is characterised by tonic muscular spasms, 
usually commencing at the site of infection and in 
all but the mildest cases becoming generalised, 
invoking the whole of the somatic muscular system. 
Most frequently, the disease follows injury, which 
may even be too trivial to be noticed. Puncture 
wounds arc particularly vulnerable as they favour 
the growth of the anaerobic bacillus, Rarely, it may 
follow surgical operations, usually due to lapses in 
asepsis. Sometimes the disease may be due to local 
suppuration, such as otitis media (otogenic tetanus). 
Tetanus is an important complication of septic 
abortion. It may he caused by unhygienic practices, 
such as application of cowdung on the umbilical 
stump or rituals Such as carboring or circumcision. 
Tetanus may also he caused by unsterile injections. 

The incubation, period is variable, from two days 
to several weeks, but it commonly 6“ 12 days. This 
is influenced by several factors, such as the site and 
nature of the wound, the dose and toxigenicity of 
the contaminating organism and the immune status 
of the patient. The incubation period is ol 
prognostic significance, the prognosis being grave 
when ii is short. Ol similar significance is the 
interval between the first symptom of the disease, 
usually trismus, and the onset of spasms (period of 
onset). 

Tetanus was a serious disease with a high rate 
ol mortality, 80—90 per cent, before specific 
treatment became available. Even with proper 
treatment the case fatality rate varies from 15r50 
per cent. Tetanus neonatorum and uterine tetanus 
have very high fatality rates (70-100per cent), while 
otogenic tetanus is much less serious. 

Tetanus is more common in the developing 
countries, where the climate is warm, and in rural 
areas where the soil is fertile and highly cultivated, 
where human and animal populations are 
substantial and live in close association and where 
unhygienic practices are common and medical 
facilities poor. In rural India, tetanus was a common 
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cause of death, particularly in the newborn. But 
immunisation of infants and expectant mothers has 
reduced the incidence m a large extent. 
Laboratory diagnosis. The diagnosis of 
tetanus should always be made cm clinical grounds. 
Laboratory rests only help in confirmation. Not 
infrequently, it may nor he possible to establish a 
laboratory diagnosis at alb 

Laboratory diagnosis may be made by 
demonstration of Cl rc-finni by microscopy, culture 
or by animal inoculation. Microscopy is unreliable 
and the demonstration of the typical "drumstick' 
bacilli in wounds in itself is not diagnostic of 
tetanus. The bacilli may be present in some wounds 
without tetanus developing. It may not also be 
possible to distinguish by microscopy between Cl. 
feffini and morphologically similar bacilli such as 
C7. tctanoniQTphum and Cl sphemidcs. Diagnosis 
by culture is more dependable. Isolation is more 
likdv from excised bits ot tissue from the necrotic 
depths of" wounds than from wound swabs. The 
material is inoculated on one half of a blood agar 
plate. Cl. CeCuai produces a swarming growth which 
may be detected on the opposite halt of rhe plate 
alter 1-2 days incubation an aerobic ally. The 
material is also inoculated into three tubes of 
cooked meat broth r one of which is heated to 
SO °C for 15 minutes, the second for 5 minutes, 
and the third left unheated. The purpose of heating 
for different periods is to kill vegetative bacteria, 
while leaving undamaged tetanus spores, which vary 
widely in heat resistance. The cooked meat tubes 
ate incubated at 37 "C and subcultured on one hall 
of blood agar plates daily for upto four davs. Cl. 
reran! may be isolated in pure culture by 
subculturing from the swarming edge of the 
growth. The incorporation of polymyxin B, to 
which clostridia .ire resistant, makes the medium 
more selective. 

For identification and tuxigenicitv testing, blood 
agar plates {with 4% agar to inhibit swarming), 
having tetanus antitoxin (1500 units per ml} spread 
over one hail of the plate are used. The Cl. reran! 


strains arc stab-Inoculated on each halt of the plate, 
which is then incubated atmembically far two days. 
Toxigenic Cf. retail! strains show hemolysis around 
die colonies, only on the half without the antitoxin. 
Lysis is inhibited by the antitoxin on the other half. 
This may help in identification of the culture as 
CL tetani bur is unreliable as a test of toxigcnicity 
since it indicates the production only of tetanolysin 
and not necessarily of tetanospasmm, which is the 
pathogenic toxin. 

Toxigenkitv is best rested in animals. A two-to 
four-day-old cooked meat culture (0.2 ml) is 
inoculated into rhe root of the tail of a mouse, A 
second mouse that has received the tetanus 
antitoxin (1000 units) an hour earlier serves as the 
control. Symptoms develop In the test animal in 
12—24 hours-, beginning with stiffness in the tail. 
Rigidity proceeds to the leg on the inoculated side, 
the opposite kg, trunk and fort limbs, in that order. 
The animal dies within two days but may be kilted 

■dr 

earlier as the appearance of ascending tetanus is 
diagnostic. 

Prophylaxis: Tetanus is a preventable disease. 
As rhe spores are ubiquitous, wound contamination 
is unavoidable. The disease is due to the action of 
the toxin. Therefore the obvious, and most 
dependable method of prevention is to build up 
antitoxic immunity' by -active immunisation by 
routine immunisation of children and booster doses 
where appropriate. 

The nature of prophylaxis depends largely on 
the type of the wound and the immune status 
of rhe patient. The available methods; of 
prophylaxis are (I) surgical attention- {2) antibiotics; 
and (3) immunisation—passive, active or combined. 

Surgical prophylaxis aims at removal of foreign 
bodies, necrotic tissue and blood dots, to prevent 
an anaerobic environment favourable for the 
tetanus bacillus. The extent of surgical Treatment 
mi) r vary from simple cleansing to radical excision, 
depending on the type of wound. 

Antibiotic prophylaxis aims at destroying or 
inhibiting tetanus bacilli and pyogenic bacteria in 
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wounds s« that the production of toxin is prevented. 
In experimentally infected animals tetanus can be 
prevented by antibiotics, when administered four 
hours after infcciion but not after t ight hours. This 
emphasises the need for prompt administration ot 
antibiotics. Long- acting penicillin injection is the 
drug of choice- An alternative is etythrornycm 500 
nig h,d, for five days. Antibiotics arc to be started 
before Wound toilet. Bacitracin or neomycin may 
be applied locally also. Antibiotics have no action 
OH the toxin. Hence, antibiotic prophylaxis does 
not replace immunisation but serves as q UKpfol 
adjunct. 

Passive immunisation is by injection of tetanus 
antitoxin. All! a tetanus serum (ATS) trOffl 
hyperimmune horses was the preparation originally 

used. The dose employed was 1500 IU given 
subcutaneously or iriTnuniiSmlarly in nommitHine 
persons <ssm after receiving any tetanus prone injury: 
ATS was useful riot only in seducing the incidence 

of tetanus hut also in prolonging the incubation 
period and reducing the mortality when it did not 

prevent the disease. However* equine ATS carried 
two disadvantages implicit in the use of any 
heterologous serum - dinmuue elimination' and 
hypersensitivity. The bait'life of ATS In human 
beings is. norcrudly about seven days hut in persons 
who have had prior injections of horse serum, it is 
eliminated much more quickly by combination with 
pre-existing antibodies. Prior sensitisation also leads 
to hypersensitivity reacrions which may range from 
mild local reactions to serum sickness* and even 
fatal anaphylaxis. It is* therefore, obligatory that a 
rest for hypersensitivity should invariably be made 
hefore administration of ATS. The intradcrmal test 
for hypersensitivity, which is in common use, has 
been reported to be unreliable. A 'trial' dose given 
subcutaneously would be a better index ol 
hypersensitivity. A dose of 0-5 ml of ATS ll given 
s u bcutaneously and the patient observed for at least 
half an hour for general reactions. As even this 
dose mav precipitate anaphylaxis in some eases, a 
syringe loaded with adrenaline (1/1000) rtlutff be 


kept ready. In persons with a history of any allergy, 
the trial dose should be 0.05 ml of a 1/10 dilution 
of ATS 

Bovine and ovine ATS were introduced to 
overcome reactions to horse serum but these in turn 
can also produce bvpeirensiliifity. Passive immunity 
without risk of hypersensitivity can be obtained by 
the use of human ant;.tetanus immunoglobulin 
(TIG). This i* effective in smaller doses (250 units) 
and has a longer hulf-life {.5-5 weeks). As TIG is 
prepared by Immunisation of human volunteers, its 
avail ability T limited- 

Pas&ivq immunisation is an emergency procedure 
to be used only once. The former practice of persons 
receiving ATS every time they are wounded was 
not only useless and wasteful hut also positively 
dangerous. It is better to eliminate the use of ATS 
altogether, tetanus being controlled by active 
Immunisation* With human TIG being reserved for 
emergency use in. the noniimmune. 

Active immunisation is not only the most 
effective method of prophylaxis hut also the only 
means whereby tetanus following unnoticed injuries 
can be prevented. This is achieved by spaced 
injections of formed toxoid* which is available cither 
as 'plain toxoid', or adsorbed on aluminium 
hydroxide or phosphate. Hit adsorbed toxoid is a 
better antigen, The tetanus toxoid is given either 
alone or along with the diphtheria toxoid and the 
pertussis vaccine as the ‘triple vaccine', in which 
pertussis vaccine acts as an adjuvant also. A course 
of immunisation consists of three doses of tetanus 
toxoid given intramuscularly, with an interval of 
4-6 weeks between the first two injections and the 
third dose 6 months later [or as per 
recommendations of the National Immunisation 
Programme)* A full course of immunisation confers- 
immunity for a period of at least ten years, A booster 
dose of toxoid Lb recommended alter ten years. ATS 
nr TIG should not be given to an immunised 
individual. Instead, a booster dose of toxoid is given 
if wounding occurs three years or more after the 

full course of immunisation. Too frequent injection 
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of toxoid should be avoided as hypersensitivity 
reactions may occur occasionally. 

An illustration of the efficacy of active 
immunisation is that in World Wai If only 12 cases 
of tetanus occurred in 2+7114,819 hospital 
admissions for wounds or injuries, among the 
American so Idle rs who had been previously 
immunised. 

Combined immunisation consists of 
admi nisterin t; to a nonimmune person exposed to 
the risk of tetanus TIC injection at one site, along 
with the first Jose of toxoid at the contralateral 
site, followed by the second and third doses of 
toxoid at monthly intervals-. It is important to use 
adsorbed toxoid as the immune response to plain 
toxoid may be inhibited by TIG. Ideally, combined 
immunisation should be employed whenever 
passive immunisation is called for. 

Tabic 28,3 shows the recommended integrated 
prophylaxis of tetanus following injury. 
Treatment; Tetanus patients should be treated 
in hospitals, preferably in -special units. The reason 
for isolating them is to protect them from noise 
and light which may provoke the convulsions- 


However, because the patients are isolated, there is 
a common impression that they are highly 
infectious. This is not true. Tetanus patients are 
hardly ever infectious, and person to person 
transmission does not occur at ail. 

Treatment consists of ensuring quiet, controlling 
spasms, maintaining airway by tracheostomy with 
intermittent positive pressure respiration and 
attention to feeding. Human TIG 10,000 ID 
suitably diluted may be given by slow IV infusion, 
followed, if needed, by another 5,000 IU later. Even 
though TIG may not neutralise the toxin already 
bound to the nervous tissue, it can inactivate the 
unbou nd toxin and any further toxin that may be 
produced. Antibacterial therapy with penicillin or 
metronidazole should be started at once and 
continued for a week or more. ATS used to be given 
intravenously in massive doses as part of the 
treatment. Several controlled trials have hcen 
undertaken to assess the value of antitoxin and the 
optimum dose. The results indicate that antitoxin 
is of value in treatment but that 10,000 1U 
intravenously gives an good results as much higher 
doses. 


Tabte 26.3 Tetanus prophylaxis in (ha wounded 


Nature of wound 

immune status of the person 


Immune 

Partially immune 

Nrmfrnmpmr 

Clean (wound toilet performed within six hours) 
Contaminated {soil or other foreign or 

Toxoid * 1 * 

Toxoid x 1 

Toxoid * 3 

necrotic material present) 

Toxoid < 1 * 

Toxoid « I 

Toxoid * 3 


TIC 

TIC 



antibiotics 

antibiotics 

Infected 

Toxoid * 1 ‘ 

Toxoid * 1 

Toxoid » 3 


Antibiotics 

TIC 

TIG 



antibiotics 

antibiotics 


Note; Immune — Patient has had a full course of three injections of toxoid. 

Partially immune - Patient has had two motions of toxoid, 

NycLirrirrnmc: - Patient has liml one or m> injection of roxoid, or ecclulu] lisation status is norknown. 
TIG "Tetanus Immune Globulin. 

" The toxoid needs to be given only if three years or more have elapsed after active immunisation or 
the last booster injection. 
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Patients recovering from tetanus should receive 
a full course of active immunisation, as an attack of 
the disease does not confer immunity, Second 
attacks of tetanus have been recorded. 

CLOSTRIDIUM BOTULINUM 

Cl botuBnam causes botulism, a paralytic disease 
usually presenting as a form of food poisoning. 
The name botulism ls derived from 'sausage* 
(/wm/ciy, Latin for sausage) formerly associated with 
thin type of food poisoning. Cl botulinum was First 
isolated by van Ermertgcm (1896) from a piece of 
ham that caused an outbreak of botulism. The 
bacillus is a widely distributed saprophyte, occurring 
in virgin soil, vegetables, hay, silage, animal manure 
and sea mud. 

Morphology: It is a Gram positive bacillus 
about 5 [ini * 1 pm, noncapsulated, motile by 
perithchace flagella, producing subtcrminal, oval, 
bulging spores. 

(lull oral characteristics: It is a strict 
anaerobe. Optimum temperature is 35 but some 
strains may grow even at 1-5 °C, Good growth 
occurs on ordinary media, Surface colonics arc large, 
irregular, semitransparent, with Fimbriate border. 
Biochemical reactions vaiy in different types, Spores 
are produced consistently when grown in alkaline 
glucose gelatin media at 20-25 L C. They are not 
usually produced at higher temperatures. 
Resistance: Spores are beat and radiation 
resistant, surviving several hours at 100 ’C and for 
upto 10 minutes at 120 °C. Spores of nonproteolytk 
types of B, E and F arc much less resistant to heat. 
Classifies]Linn: Eight types of Cl hotu/jmrm 
have been identified (Types A, B, Cl, C2, D, E, F, 
G) based on the immunological difference in the 
toxins produced by them. The toxins produced by 
the different Ivpes are identical in their 
pharmacological activity but arc neutralised only 
by the homologous antiserum. An exception is C2 
toxin, which shows cnterotoxic activity, while all 
the others are neurotoxiins, 

Toxin: CL botulinum produces a powerful exotoxin 


that is responsible- for its pathogenicity. The toxin 
differs from other exotoxins in that it is not 
released during the life of the organism. It is 
produced intraceUulariy and appears in the medium 
only on the death and autolysis of the cell. It is 
believed to he synthesised initially as a nontoxic 
protoxin or progenitor toxin. Trypsin and other 
proteolytic enzymes activate progenitor toxin to 
active toxin. 

The toxin has been isolated as a pure crystalline 
protein which Ls probably the most toxic substance 
known, Tr has a MW 70,000 and a lethal dose for 
mice of 0,000,000,033 mg. The lethal dose for 
human beings is probably 1-2 pg. It is a neu roloxin 
and acts slowly, taking several hours to kill, 

The toxin is relatively stable, being inactivated 
only after 30-40 minutes ar 80 °C and 10 minutes 
at 100 : C. Food suspected to be contaminated with 
botulinum toxin can be rendered completely safe 
by pressure cooking or boiling for 20 minutes. It 
resists digestion and is absorbed through the small 
intestines in active form. It acts by blocking the 
production or release of acetylcholine at the synapses 
and neuromuscular junctions, The onset is marked 
by diplopia, dysphagia and dysarthria due to cranial 
nerve involvement, A symmetric descending 
paralysis is the characteristic pattern, ending in 
death by respiratory paralysis. 

A small quantity of CL botitlimmt type A toxin 
injected into a muscle selectively weakens it by 
blocking the release of acetylcholine at the 
neuromuscular junction. Muscles so injected atrophy 
but recover in 2-4 months as new terminal axon 
sprouts form and restore transmission. 
Intramuscular injection of the toxin, first used to 
treat strabismus, is now recognised as a safe and 
effective symptomatic therapy for many 
neuromuscular diseases. 

The botulinum toxin can be toxoided. It is 
specifically neutralised by its antitoxin and is a good 
antigen.The toxins produced by the different types 
of Cl bofufimmi appear to be identical, except for 
immunological differences. Toxin production 
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appears to be determined! by the presence of 
bacteriophages, at least in types C arid L), 
Pathogenicity: O. hotulinuiti is nuninvssive and 
virtually noninfettious. Its pathogenicity is due to 
the .i.rinn ml its toxin, the m anifestations of which 
are collectively called botulism. Botulism k of three 
types - foodborne botulism, wound botulism and 
infant: botulism. 

Finxlbitmc hotullam is due It] the ingestion of 
preformed toxin. The types u-t the bacillus- and the 
nature of rhe food responsible vary m different 
reruns. Human disease is usually caused by ty^wes 
A, B, E and very rarely F. Tvpes C and D are usually 
associated with outbreaks in cattle and wild fowl 
Type C has been associated with sudden death in h 
few patients. The source of botulism is usually 
preserved ]'(hkI— meat and meat products in Europe, 
canned vegetables i,fi America and fish in Japan. 
Type K is associated with fish and other seafoods- 
Proteolytic varieties of Cl. bondmuin can -digest 
food, which then appears spoiled. The cans are 
often inflated and show bubbles on opening. 
Nonprorcolytic vatieues leave food unchanged. 

Symptoms begin usually 32-36 hours after 
ingestion of food. Vomiting, thirst, constipation, 
ocular paresis, difficulty in swallowing, speaking 
and breathing constitute the common features. Coma 
or delirium may supervene. Death is due to 
respiratory failure and occurs 1-7 days after onset. 
Case fatality varies ham 25—70 per cent. 

WWnd botulism is a very rare condition 
resulting from wound infection with O. fwtuZrmim. 
toxin is produced at the site of infection arid is 
absorbed. The symptoms are those of fondbomc 
I>jL jhsrti except lor the gaslnjintestinal components 
which are absent. Type A has been responsible for 
mast of the cases studied. 

lllfjiH botulism W1S recognised as a clinical 
entity in 1976. This is a toiico-infection. Cl. 
botufinum spores arc ingested in food, get 
established in the gut and there produce the toxin. 
Cases occur in infants below sis months- Older 
children arid adults are not susceptible. The 


manifestations are constipation, poor feeding, 
lethargy, weakness, pooled oral secretions, weak or 
altered cry, fioppiness and loss of head control. 
Piilierts excrete toxin and spores i n their feces. Toxin 
is not generally demonstrable in blood. 
Management consists oi supportive Cine and assisted 
feeding. Antitoxins and antibiotics are not indicated. 
Degree!; of severity' vary from very mild illness t -0 
fetal disease. Some cases pf sudden infant death 
syndrome have been found to be due to infant 
botulism. Honey has been incriminated as a likely 
food item through which the bacillus enters the 

gut. 

Laboratory diagnosis: Diagnosia may be 
con firmed by demonstration of the bacillus or the 
toxin in food or feces. Gram positive sparing bacilli 
maybe demonstrable in smear* made from the food,. 

Cl- hofuJirrum may be isolated from the food or 
the patient's feces. The food » macerated in sterile 
salute, and the filtrate inoculated into mice or guinea 
pigs intrapericoneaUy. Control animals protected by 
polyvalent antitoxin remain healthy Typing is dorse 
by passive protection with type specific antitoxin. 
The toxin may occasionally be derponstrahfe in the 
patient's blood, or in the liver postmortem. 

A retrospective diagnosis may be made hy 
detection nf antitoxin in the patients scrum but if 
may not be seen In all eases. 

Control' As most eases of botulism follow 
consumption of inadequately canned or preserved 
food, control can be achieved by proper canning 
and preservation. When an outbreak occurs, a 
prophylactic dose of antitoxin should be given 
intramuscularly to all who consumed the article of 
food- 

Active immunisation has been shown to he 
effective. If immunisation is needed, as in laboratory 
workers exposed to the risk, two injections -of 
aluminium sulphate: adsorbed toxoid may be given 
at an interval of ten weeks, followed by 4 booster a 
year later. Antitoxin may be cried for treatment. 
Polyvalent antiserum to types A, B and E may b? 
administered as soon as a clinical diagnosis is made. 
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Supportive therapy with maintenance of respiration 
is of equal or greater importance, 

CLOSTRIDIUM DIFFICILE AND ANTIBIOTIC 
ASSOCIATED COLITIS 

Cl. difficile was first isolated in 1935 from the feces 
of newborn infants. It was SO named because of the 
unusual difficulty in isolating it, It is a long, slender, 
C iram positive bacillus with a pronounced tendency 
to lose its Gram reaction. Spores are large h oval 
and terminal. It is nonhemolytic, sacchaiotytic and 
weakly proteolytic. It was not considered 
pathogenic till 1977 when it was found to he 
responsible for antibiotic associated colitis. 

Acute colitis h with or without membrane 
formation* is an important complication of oral 


antibiotic therapy. Many antibiotics have been 
incriminated including ampicillin, tetracycline and 
chloramphetucol but lincornirtin and clindamycin are 
particularly prone to cause pseudomembranous colitis. 

It has now been shown that antibiotic associated 
colitis is due to the active multiplication of CL 
difficile and its production of an enterotosin as well 
as a cytoroscn'L. Diagnosis can be made by 
demonstrating the toxin in the frees of patients tw¬ 
its characteristic effect on Hep-2 and human diploid 
cell cultures or by ELISA.'The toxin is specifically 
neutralised by the Cl. sordeffi antitoxin. CL difficile 
can also be gruwn from the feces uf patients. 

CL diffirik strains arc usually resistant to most 
antibiotics. Metronidazole is the drug of choice. 
Vancomycin and bacitracin are also useful. 
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Anaerobic bacteria have been known since the 
original observation of Pasteur that bacteria which 
produce butyric acid, his Wferiou butyritpe* were 
rendered non motile on exposure to air (1863), 
Though many anaerobic bacteria -may be 
pathogenic fur human beings, they arc generally 
neglected in diagnostic laboratories. This neglect 
is not because they arc uncommon, Indeed* they 
outnumber aerobic bacteria in many habitats, 
including most sires of the human or animal 
body. Even in such seemingly aerobic situations 
as the mouth and the skin, anaerobic bacteria arc 
ten ro thirty times more frequent than aerobes. In. 
the human intestines, they outnumber aerobic 
bacteria a thousandfold. The numbers of anaerobes 
present have been estimated to be 10* - IQVmJ in 
the amah intestine* ItP/ml in saliva and lO’Vg in 
the colon. 

Anaerobic bacteria differ widely in the degree 
of macrobiosis required for their growth. Some 
species fail to grow if the atmosphere contains as 
little as 0.03 per cent oxygen* while at the other 
extreme, some arc acrotolerant and may grow 
sparsely on the surface of aerobic plates. 
Consequently the techniques employed for the 
propagation and study of anaerobes vary in 
complexity. 

Early methods of classification used such 
unstable criteria as cell and colony morphology 
biochemical reactions and antibiotic sensitivity 
patterns. Current classification Ik baaed on DNA 
base composition and analysis of the fatty acid end 
products of metabolism. Medically important 
anaerobes may be broadly classified as follows: 


I, Cocci 

A. Gram positive 

a. Peprostreptococcus 
K Rcptoeoccus 

B, Gram negative 

Veillonelli 

II, Bacilli 

1, Endosporc forming 

Clostridia 

2. Nonsporing 

A. Gram positive 

a. Eubacterium 

b. Propionibacterium 

c. Lactobacillus 

d. Mobiluncus 

e. Bifidobacterium 
f Actinomyces 

B. Gram negative 

a. Hacteroides 

b. Prevotellla 

c. Pbrphyromonas 

d. Fusohacterium 

e. Lcptotrichia 

III, Spirochetes 

a. Treponema 

b, Borrelia 

Besides the medically important species listed 
above, there are several anaerobes that occur in soil 
and water and which may be of industrial and 
agricultural importance (for example* 
methanobactcria, butyri vibrios). 

Anakkoiuc Cocci 
Anaerobic cocci represent a heterogeneous 
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collection of cocci whose classification and 
nomenclature have undergone several 
modifications. They can be divided into Gram 
positive and Gram negative groups. 

Anaerobic Gram positive Cocci had been 
classified into the genera Peptostrepfocits and 
Pfpmcoccus originally, based on morphology,, 
chain-forming jJiid paired cocci placed In (he 
former and cluster-forming cocci in the latter, 
However, DNA base ratio studies have led to most 
of the species formerly considered as peptococei 
being reclassified as pepiosttcptncocci. They arc 
cocci of small size (0.2-2.5 pm). Many of them 
arc arrololenmt and grow well under 10% CD. in 
an aerobic atmosphere. 

They are normal inhabitants of the vagina, 
intestines and mouth. They may cause several 
clinical infections such as puerperal sepsis and other 
genital infections, wound infections, gangrenous 
appendicitis, urinary tract infections, OS WO myelitis 
and abscesses in the brain, lungs and other internal 
organs. They are often seen in large numbers in 
pus from suppurative lesions, so a Gram stained 
smear may be helpful in diagnosis, Infections are 
usually mixed, the cocci being present along with 
clostridia or anaerobic Gram- negative bacilli. 
Pcptostrap roeoevus Aaaerobitis is most often 
responsible for puerperal sepsis and Pst imgjws 
for abscesses. Pst. asaccharolyticus t Pst. tetndius 
and Pst. prevnti are some other species commonly 
present in clinical specimens, 

VciUoncUste are Gram negative cocc i of varying 
sizes occurring as diplocucc!, short chains Or groups. 
They are normal inhabitants of the mouth, intestinal 
and genital tracts. Vcillunclls parvula has been 
reported from clinical specimens boil its pathogenic 
role is uncertain. 

All anaerobic cocci are generally sensitive to 
penicillin, chloramphenicol and metronidazole, and 
resistant to streptomycin and gentamicin. 

Anaerobic Guam Positive Bacilli 

This group contains many genera, of which the 


2fi7 

medically relevant are Luba rtenuni, 
Fropion j'ba-cferi"um, Ljc fohacitfus, Mobf/uncnr and 
Bifidobacterium, Other genera in this group. 
Actinomyces and Arachnid, are dealt with 
elsewhere. 

Mcmben of the genus Eubs etc num ate Strictly 
anaerobic and grow very slowly. They are members 
of the normal mouth and intestinal flora, Some 
species (£, brachy, E. timidum, E. nods rum) are 
commonly seen in periodontitis. E. fcntum is 
commonly isolated From nonoral clinical specimens.. 

Pfopitinib&Mfium is constantly present on the 
skin. P. senes is a common contaminant in blood 
and C5F cultures. 

Lactobacillus is present in the mouth, intestines 
and, typically, in the adult vagina (Dodcrlctn* 
bacilli). It is generally nonpathogenlc, though L 
cj tenaformc has been associated with 
bronchopulmonary i nfeefrons. 

Bifidobacterium is a pleomorphic rod that 
shows true and false branching. It is present in large 
numbers in the intestines and in the month. 

Mobiluncus species arc motile, curved, 
anaerobic bacilli that may appear as Gram variable 
rods. M. rmtfien's and M. curdsd have beers Isolated 
from the vagina in bacterial vaginosis, along with 
Gardnerelh vaginalis. Bacterial vaginosis is a 
polymicrobial infection characterised by a thin 
malodorous vaginal discharge, It5 'rotten fish' smell 
is accentuated by mixing it with a drop of KOI I 
solution- The vaginal pH is less than 4,5. Clue cells 
(epithelial cells with surface covered by adherent 
bacilli) are seen in stained or unstained films. 

A\a.erq t!11: (in am N eqavi\ e 
Bacilli 

Medically important anaerobic Gram negative 
bacilli belong to the family ifadtrcndaceae and are 
classified into the genera Bactcroides, 
Fus&bacterium and Leptomchk. 

Ractoroidcs are the most common anaerobes 
isolated from clinical specimens. They are 
nonsporing non motile, strict anaerobes, usually very 




268 


i Textbook of Microbiology * 


pleomorphic, appearing St slender rods, branching 
forms or eoccobacilli, seen singly, in pairs or in 
short chains. They grow well on media such as 
brain heart infusion agar in an anaerobic atmosphere 
containing 10% CO,. They poss-ess capSiilLaf 
polysaccharides which appear to he virulence 
factors, and antibodies to them car he detected in 
patients. Thev are normal inhabitants of the 
intestinal, respiratory and female genital tracts. 

Bactcroidcs species have been classified based 
on their saccharolyiic effects. Asaccharolytic 

pigmented spedes have been separated iS the gCrtUS 

Pbrphyroitinnas,containing llgingivalis responsible 
for periodontal disease, JR cndodontalis causing 
dental root canal infections and other species. 
Moderately satrchaiolitic species, inhibited by 2fJ% 
bile are placed in the genus Prcvotdk. containing 
P. mefoninogtnici, F buccalis, P. dcntkofo and 
Others. The genus liacteroides proper now includes 
the important species 3- fhgitis, and others such 
.is B. viiigHitm. 13. drarajiL>nj'.¥ and JJ. 

th c fa ! o f ;mj m i erv n. 

B. frigiti s is the most frequent of the 
no ns po r i ng anac robes i so I at ed t rnm din j c a l 
specimens, It is often recovered from blood, 
pleural and peritoneal fluids, CSF, brain abscesses, 
wounds and urogenital infection*. P- 
itiekfiiitogtiticii is easy to recognise because of 
the black or brown colour of the colonies. The 
colour is not due to the melanin pigment as was 
once thought but to a hemin derivative. It lias been 
isolated from various infections including lung or 
Liver abscess, mastoiditis, intestinal lesions and 
lesions of the mouth and gums- Cultures of H 
intfotihurgeak* and even dressings from wounds 
infected with the bacillus give a characteristic red 
fluOflHtdtt when exposed to ultraviolet light. 

The germs Fumbucteriiim contains long, thin 
nr spindle shaped had Lit with pointed ends. F. 
mefcatum is a normal inhabitant of the mouth and 
is found in oral infection and pkuropulmonary 
sepsis, F, neeroph&fum produces a wide range of 
exotuxins and ha* been responsible feu liver abscess 


and other abdominal infections in animals, and leas 
often in humans. 

The gentiil Leplutnchia contains the single 
species, L. bvtcaiiz which was formerly known as 
Vincent's fusiform bacillus or Fu&obacterium 
fusifctrmc. They are long, straight or slightly curved 
rods, offers with pointed ends. I'hey air part of the 

normal oral flora and arc seen in acure nccrotising 
lesions in the mouth. 

A common condi rion is Vincent's angina, wh ich 
may resemble diphtheria, with the inflamed 
pharyngeal mucosa -showing a greyish membrane 
which peels easily. Stained smears show large 
fusiform and spiral bacilli. 

Anakkokic iNpiicn ions 

The re Has. been a reawakening of interest in 
anaerobic infections during recent years. This is 
due to the availability of improved and simplified 
techniques tor the isolation and identification of 
-anaerobes. 

Anaerobic itifecdonsare usually endogenous and 
are caused by tissue invasion by bacteria normally 
resident on the respective body surfaces. Anaerobic 
bacteria arc normally present on the skin,, mouth, 
nasopharynx and upper respiratory tract, intestines 
and vagina {Table 29.1). Anaerobic infections 
generally follow some precipitating factor such as 
trauma, tissue necrosis, impaired circulation, 
hematoma formation or the presence of foreign 
bodies. Diabetes, malnutrition, malignancy or 
prolonged treatment with aminoglycoside 
antibiotics may act as predisposing factors. 
Anaerobic infections arc typically polymicrobial, 
more than one anaerobe being responsible besides 
aerobic bacteria. While the infection is usually 
localised, general dissemination may occur by 
bacteremia. Tabic 29.2 lists the common sites and 
type of anaerobic infections and the bacteria 
responsible. 

ITierc are some clinical features which suggest 
the presence of anaerobic infection. Pus produced 
by anaerobes is characteristically putrid, with a 
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Table 29,1 Horma4 anaerobic flora of the human body 


Anaerobe 

Skin 

Mo u f h -n a s oph nrynx 

Intestine 

Vagina. 

Clostridium 



44 


Actinomyces 


*> 



Bifidobacterium 


# 

+ 4 

+ 

Propionihacteriuni 

* + 




ZUcfiHBtcfeg fngitfc 



4 + 


P, mdttninageaiu 


t +■ 

+■ 

■+ ■+ 

Kusobac terrain 


*> +■ 

+■ 


Gram positive cocci 


+■ + 

44 

4 - 4 

Gram negative oooci 


4 4 

4 

4- 4 

Spirochetes 


+ 




pervasive, nauseating -odour. However, there may 
he exceptions; infections solely due to B t’ragllis 
may bo free of this smell. Pronounced: cell Lilith is a 
common feature of anaerobic wound infections-, 
Toxemia and fever are not marked, 
l aboratory diagnosis! As anaerobes form 
part of the normal flora of the skin and mucous 
surfaces, their isolation from specimens has to he 
interpreted cautiously. The mere presence of an 
anaerobe does not prove its causal role. Specimens 
should be collected in such a manner as to avoid 
resident flora. For example, the sputum is 
unsatisfactory' for culture from a suspected case of 
lung abscess; only material collected by aspiration 
would be acceptable. 

As sonic anaerobes die on exposure to oxygen, 
cart should be exercised to minimise contact with 
air during collection, transport and handling of 
specimens. A satisfactory method of collection is 
to aspirate the specimen into an airtight syringe, 
plunge the needle into a sterile rubber cork to seal 
it and send it immediately to the laboratory, Pus 
and other fluids may be collected in small bottles 
with airtight caps and transported quickly,ensuring 
that the specimens fill the bottles completely, Swabs 
are generally unsatisfactory but where they are to 


be used, they should be sent in Stuart k transport 
medium. 

In the laboratory, exposure should be limited 
to the minimum. Examination of a Gram stained 
smear is useful, Pds in anaerobic infection usually 
shows a large variety of different organisms and 
numerous pus cells. Rarely, as in brain abscess, a 
single type of organism alone may be seen, 
Examination of the specimen under ultraviolet 
light may show the bright red fluorescence of 
i. m ahiHmyrnira . Gas liquid chromatography of 
the specimen may yield presumptive information 
on the types of anaerobes present. 

Several special media have been described for 
anaerobes but for routine diagnostic work, freshly 
prepared blood agar with neomycin, yeast extract, 
herein and vitamin K is adequate. Plates arc 
incubated at 37 "C in an anaerobic jar, with 10% 
C0 2 . The Caspak system provides a convenient 
method of routine anaerobic cultures. Plates are 
exami ned after 24 or 4fl hours-. Some anaerobes, such 
as fusnbacteria, require longer periods of incubation. 
Parallel aerobic cultures- should always be set up. This 
is necessary as a control for the growth on anaerobic 
plates and also because in most aoaembic infections 
aerobic bacteria are also inrvohed- 
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Table 29 2 Common anaerobic infeclioni and the bacteria responsible 


Site and type of infection 

Central nervous system: 

Brain abscess 

Ear, nose, throat. 

Chronic sinusitis, otitis media, 
mastoiditis, otbiral «HuLitis 

JWotifh and jaw 

Ulcerative gingivitis •(VLrvcenr's) 
Dental abscess, cellulitis; 

Abscess and sinus of jaw 

Rrspjjsfpir 

Aspiration pneumonia. Lung abscess, 
bronchiectasis, empyema 

Abdominal 

Subphrcnic, hepatic abscess; 
appendicitis, peritonitis; 
ischiorectal abscess; 
wound infection after 
colorectal surgery 

Female genitalia: 

Wound infection following- 
genital surgery", 

Puerperal sepsis; 
tubo-ovarian abscess, 

Bartholin's abscess, 
septic abortion 

Sfcm und soft risstHf: 

Infected sebacious cyst. 

Breast abscess, axillary abscess 

Cellulitis,, diabetic ulcer a gangrene 


Bacteria commonly reff/KMifiblr 


B. fragilisi FkptostrrptOCQCaa 


Fusobacteiia {aerobes frequently responsible) 

Fusnbacteria, spirochetes 
Mouth anaerobes, 

Actinomyces, other mouth anaerobes. 

Fusob&cteria, F- meJanintytertfca, 
anaerobic cocci; B. Lfagilis rarely 


B. fragiEs 


P. meianinogcnica, 
a pi aerobic cocci r ft fragilis 

Genital anaerobes and CL perfrtngcns 
Anaerobic cocci 

Anaerobic cocci; ElnteiuuingHucd ( Staph, aureus 

commonest cause) 

H. fragiEs and others. 


Further Reading 

Dueiden DL and BS Prarar (cds)- 1991. AtStcnboi in iVumara Disease. tjMKLni: Ariiutd. 

Fine gold M. |995. Overview of •clinically important anaerobes. Clin Infer Dts. 30: S20S. 

Kasper DL 1993. Infections due io mixed anaerobic organisms. Li Ilamsons Principles of Internal Medicine, 14 edn, New 
York; McGraw Hill, 
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Enterobacteriaceae I: Conforms - Proteus 



The predominant aerobic bacterial flora of ihe large 
intestines of human beings and animals as composed 
uf nonspurmg, nonadd fast, Gram negative bacilli. 
They exhibit general morphological and 
biochemical similarities and are grouped together 
in the large and complex family £n«jt>iMraWjc*ae. 
Members of this family may m may not be 
capsukied and arc motile by peritrichate flagella* 
or are non morilc-They an? aerobic and facultatively 
anaerobic, grow readily in ordinary' media, ferment 
glucose producing acid and gas or acid only, reduce 
nitrates to nitrites and form catalase but not oxidase. 
Within the family* they exhibit very wide 
biochemical and antigenic heterogeneity. Though 
the family is subdivided into groups or tribes, genera* 
subgenera* species and types* many strains are met 
with that possess every conceivable combination 
of characters and do nor fall into any such arbitrary 
taxonomic category. The Frequency of genetic 

mechanisms such .IS conjugation and transduction 
in these bacteria contributes to their infinite variety. 
Classification of these bacteria into well demarcated 
compartments, though necessary for their systematic 
study* would therefore he artificial. The 
classification of Eatembstcteriaccae has been 
controversial and. there have been successive changes 
in their grouping and nomenclature. 

The oldest method was to classify these bacteria 
into three groups based on their action on lactose. 

I. Lactose fermenters (for example 

Escherichia, 

Klebsiella) 

II. Late lactose fermenters (for example 

Shigella sonnei 


‘Paracolons.’) 

III. Nonlactose fermenters (lor example 

Salmonella, 

Shigella) 

This method of classification was derived from, 
the use of lactose in MacCnnkcy’s medium, the 
most popular medium for the isolation uf focal 
bacilli. Though taxonomically unacceptable* this 
Scheme had practical value in diagnostic 
bacteriology. The majority of the commensal 
intestinal bacilli arc lactose fermenting (LF). As 
the most common member of this group is the colon 
bacillus* or Escherichia coli t all lactose fermenting, 
enteric bacilli were called coliibrrn bacilli. The 
major intestinal pathogens. Salmonella and Shigella 
are nonlactose fermenters (NLF), and hence readily 
detectable by the colourless colonies they form on 
MacConkty’s medium. There remained a small 
group which showed delayed ferment at ion of 
lactose and with the exception of Shigella sonnei, 
they were all commensals. This heterogenous group 
of late lactose fermenters was called paracolon 
bacilli. 

Classification based on a single property, such 
an lactose fermentation, is contrary So nodCfD 
taxonomical concepts. The current practice is to 
group together bacteria that possess a number of 
common morphological and biochemical 
properties, and similar DNA base compositions. 
While the three widely used systems for the 
classification of Enter aha cteriaccze (Bergcy s 
manual*. Kauffmann, Edwards-Ewing) have certain 
differences, the general approach is the same. The 
family is first classified into its major subdivision - 
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group or tribe. Each tribe consists of one or more 
genera lull] each genus one or mare subgenera and 
species. The species are classified into types— 
biotypes, serotypes, bacteriophage types* eulichl 
types, 

EHTEROH ACTERI AC E A E 

Tribe I: Escherichiae 

Genus L Escherichia 

2. Edwardsiella 

5. Citrubacier 

4 r Salmonella 

5, Shigella 

Tribe 0: Klcbrielleae 

Genus 1 „ Klebsiella 

2 . Enterobactet 

3. Hat’nia 

4. Berratia 

Tribe III : PrOteeac 

Genus l. Proteus 

2, Morganella 

3. Provide ncia 

Tribe IV: Erwinieac 

Genus L Erwin] a 

The gc mis Vcr.sjnra, including the plague 
bacillus, has been placed in the family 
En rcrobucferraceae but because of the special 
importance of plague, the major disease caused by 
yersiniae and its lack of similarity to enteric disease, 
it is dealt with separatehi 

ESCHERJCHIA COLI 

This genus is named aiter Escherich who was the 
first to describe the colon bacillus under the name 
Bacterium coli fommtfiie (1885), based on minor 
differences in biochemical characteristics, colon 
bacilli were described under various names hut in 
view of the mutability of the biochemical properties 
in this group, they have all been included in one 
species Escherichia Cali which is further 
subdivided into biotypes and serotypes. A few other 
species have been described in the genus but they 
are of little medical importance. These include E. 


fergusoni), E hermxnii and E- sWneris which have 
been isolated infrequently from clinical specimens. 
E. blirtae found in the gut of cockroaches is 
biochemically different LI] being indole and beta- 
galaetosidasc negative- It has not been isolated from 
clinical specimens. 

Unlike other conforms, E. coE is a parasite living 
only in the human or animal intestine. Voided in 
feces, it remains viable in the environment only for 
some days. Detection of E. coli in drinking water, 
therefore:, is- taken as evidence of recent pollution 
with human or animal feces. 

Morphology: E. co/f is a Grant negative, 
straight, rod measuring 1-1 « 0.4-0.7 pm arra nged 
singly or in pairs. It is morilc by peritrichaie flagella, 
though some strains may he nonmotilr. Capsules 
and fimbriae are found in some strains- Spores arc 
not formed. 

Cultural charucleriitlicsi It is an aerobe and 
a facultative anaerobe. The temperature range is 
10-40 a C {optimum, 37 a C). Good growth occurs 
on ordinary media. Colonies arc large, thick,greyish 
white, moist, smooth opaque or partially translucent 
discs. This description applies to the smooth (SI 
form seen on fresh isolation* which is easily 
emulsifiablc in saline. The rough {R) forms give 
rise to colonies with an irregular dull surface and 
are often auto-agglutinabk in saline, The S-K 
variation occurs as a result of repeated subcultures 
and is associated with the loss of surface antigens 
and usually of virulence. Many pathogenic isolates 
have polysaccharide capsules. Some strains may 
OCCUr in liie ‘mucoid’ form. 

Many strains, especially those isolated from 
pathologic conditions, are hemolytic on blood agar. 
On MacConkcy’s medium, colonies arc bright pink 
due to lactose fermentation, Growth is largely 
inhibited on selective media such as DCA or SS 
agar used for the Isolation of salmonellae and 
shigellae. In broth* growth occurs as general 
turbidity and a heavy deposit, which disperses 
completely on shaking- 

Bi nohenriesl reactions: Glucose, lactose. 
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mannitol, maltose and many other sugars arc 
fermented with the production of acid and gas. 
Typical strains do nor ferment sucrose- The four 
biochemical tests widely employed in the 
classification oi enterobacteria ate the indole* 
methyl red (MR)* Vogej-Proskauer (VP) and 
citrate utilisation tests, generally reterred to by the 

mnemonic 'IMViC, E , i* indole and MR 

positive, and VP and citrate negative {IMViC + + 
—). Gelid n is not liquified,. H,S is nor formed, 
urea is not split and growth does not occur in KCN 
medium. 

An lignin structures Serotyping of E. coli is 
based on three antigens - rhe somatic anrigen O, 
the capsular antigen K and the flagellar antigen H. 
So tar some 170 types ofO antigens, 100 K antigens 
and 75 H antigens have been recognised. The 
antigenic pattern of a strain is recorded as the 
number of the particular antigen it carries, as for 
example 0111: KSS: H2. 

The K antigen is the acidic polysaccharide 
antigen located in the ^envelope' Or micrcMiapsule. 
(K for Kitpad, German for capsule)- It encloses the 
O antigen and renders the strain inagglutmable by 
the O antiserum. It may also Contribute to virulence 
by inhibiting phagocytosis. Formerly K antigens 
were subdivided into three kinds - the thennolahiie 
1, antigens, the thermostable A antigens and the H 
antigens found on emeropithogenk strains 
associated with infantile diarrhea. Later it was 
shown that the B antigen was not a separate entity. 
K antigens are therefore currently classified into 
two groups, I and II, generally corresponding to 
the former A and L antigens. 

Several different serotypes of E, Cttli are found 
in the normal intestine. Most of them do not have 
K antigens. The normal colon strains belong to the 
'early' O groups (1, 2, 3, 4 etc,), while the 
enrernpathogenic strains belong to the 'later' O 
groups (26, 55, Sfi, Ill, etch 
Virulence factnrst Two types of virulence 
factors have been recognised in E- coli —surface 
antigens and toxins. 


The somatic lipopolyiiccharide surface O 
antigen, besides exerting endotoxic activity* also 
protects the bacillus from phagocytosis and the 
bactericidal effects of complement. The envelope 
or K antigens also afford protection against 
phagocytosis and antibacterial factors in normal 
serum, though it is not effective in the presence of 
antibody to O or K antigen. Most Strains of E. oo/a 
responsible for neonatal meningitis and septicemia 
carry the K! envelope antigen which is a virulence 
factor resembling the group B antigen of 
meningococci. 

Fimbriae also pro m ote virulence. The common 
fimbriae seen in most enterobacteria, which arc 
chromosomally determined, present in Large 
numbers and causing mannose sensitive 
hemagglutination, are probably not relevant in 
pathogenesis. A different Lind nf fimbriae which 
are plasmid coded, found only in small numbers 
and mediating mannose resistant hemagglutinins 
have been shown to act as virulence factors. Sume 
of them may ny t occur as morphologically separate 
structures but only as surface antigens - for example, 
KS-S- and K99 antigens in strains causing diarrhea 
in animals, or the Golonjvarion Factor Antigens - 
(CFA) in enterotoxigenic E, coli causing human 
diarrhea. Fimbriae are also of importance in urinary 
tract infection, as for example the P fimbria which 
binds specifically to the F blood group substance 
on human erythrocytes and urocpithclial cells. 

caff produce two kinds of exotoxins - 
hemofyyj'iis and cnferotoia/U- Hemolysins do not 
appear to be relevant in pathogenesis though they 
arc produced more commonly hy virulent strains 
than hy a virulent strains. Entemtoxms are important 
in the pathogenesis of duirhea.Three distinct types 
of E. coli entcrotoxins have been identified - heat 
labile toxin (LT), hear stable toxin (ST) and 
verutuxin (VT) also known as Shiga-like toxin 

(ST.T). 

The E. coli enterotoxin LT wu discovered in 
1^56 by De and colleagues in isolates from adult 
diarrhea casies in Calcutta, bv the rabbit ileal loop 
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Table 30.1 EnterebACltfiiUM: Important distinguishing features of 1 he different genera 
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[d = results different in different species or strains.} 
Important exceptions.: 

IS. cyptii does not produce gas from sugars. 

? 5h. semnei ferments Eactosc and sucrose late 

method which they had earlier used for identifying 
the cholera enferntoxln (CT), via. injection of E. 
ca£ culture filtrates, into dosed ligated Loops of rabbit 
ileum induced outpouring of fluid arid ballooning 
of the loops, E, coll LT resembles the cholera toxin 
in its structure, antigenic propeTticn and mode of 
action. It is a complex of polypeptide subunits - 
each unit of the toxin consisting of one subunit A 
(A for active) and five subunits B (B for hin&ng). 
The toxin binds co the Gml gangiioside receptor 
on intestinal epithelial cells by means of subunit B, 
following which the subunit A is activated to yield 
two fragments - Al and A2. The A1 fragment 
activates adenyl cyclase in the cnterocyte eo form 
cyclic adenosine 5' monophosphate (cAMP), 
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leading to increased outflow of water and 
electrolytes into the gut lumen, with consequent 
diarrhea. Though the mechanism of action of LT 
and CT is the same, [he latter is about a hundred 
times more potent than the former, LT is a powerful 
antigen and can therefore, he detected by a number 
of serological as well as biological tests (Tabic 
30.2),. 

The heat stable toxins of E- coti (ST), first 
identified in 1970, are low molecular weight 
polypeptides which are poorly antigenic. Two types 
of ST are known, $T A (or ST 1) and ST B (or ST 
11), ST^ acts by activation of cyclic guanosine 
monophosphate (cGMP) in the intestine. It acts 
very rapidly and induces fluid accumulation in the 
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intestines of infant mice within four hours of 
intragastric administration. This infant mouse test 
is the standard method for demonstration nf ST A . 
It also induces fluid accumulation in the intestinal 
loops of neonatal hut not weaned piglets- ST, is 
methanol soluble. ST H causes fluid accumulation 
in young piglets (uptn nine weeks) hot not in infant 
mice. The mode of action of SI ^ is not known hut 
It is nor through cAMP or cGMP. It is not 
methanol soluble. ST genes are carried on plasmids 
which may also carry other genes, such as for 5 X 
and drug resistance. However, ST, and ST B genes 
are not seen to be carried on the same plasmid. 

E, coli Vcrocyiotoxin or Veroroxin (VT) was 
so named becsiu.Se it was first detected (1977) by Us 
cytotoxic effect on Vcro cells, a cell fine derived 
fmm African green monkey kidney cells. If is also 
known as Shiga-like toxin (SLT) because it Is 
similar to the Shif^Un dysenieriAe type 1 toxin in 
its physical, antigenic and biological properties. 
Besides cytotoxicity in Veto or HeLa cells, VT also 
shows erterotmricitv in rabbit deal loop* and mouse 
paralytic-lethality as does the Shiga toxin, VT Is 
also composed of A and B subunits. VT genes 
appear to be phage encoded. An antigenieally 
different VT, called VT. has been identified, which 
is not neutralised by the Shiga antitoxin, unlike 
VT,. 

CuPfICAl [ VI- I'T.TIdXS 

Four main types of clinical syndrome* are caused, 
by E. mbt I) urinary tract infection, 2) diarrhea, 
3) pyogenic infections, and 4) septicemia. 
IJrtnory iroet infection: £• cob" and other 
colifomis account for the large majority of naturally 
acquired urinary tract infections. Those acquired 
in the hospital, following instrumentation, are mote 
often caused by other bacteria such as f'seu demon as 
and Proteus. 

Hie £. coli serotypes commonly responsible for 
urinary tract infections ate those normally found in 
the feces, O groups 1, 2, 4, 6, 7, etc. Only one 
serotype is generally isolated from infected urine at 


a time, though recurrences may he due to different 
serotypes. 

Infection may he precipitated by urinary 

obstruction due to prostatic enlargement, calculi 
or pregnancy. About 5—7 per cent of pregnant 
women have been reported to have urinary infection 
without any symptoms. Such jsymptomatic 
bactemina undetected and untreated may lead to 
symptomatic infection later in pregnancy, 
pyelonephritis and hypertension in the pregnant 
woman, as well if to prematurity and perinatal 
death of the fetus. 

While infections of the lower urinary tract seem 
to be ‘ascending infection caused by fecal eoliforms, 

pyelonephritis is probably due to hematogenous 
infection. Strains carrying K antigens arc mote 
commonly responsible for pyelonephritis, while 
most isolates from cystitis lack K antigens. 

Bacteriological diagnosis of urinary tract 
infection has undergone a marked change following 
the development by Kass of the concept of 
'significant bacteriuria'. Normal urine is sterile but 
during voiding may become contaminated with 
genital commensals. In order to avoid tuch 
contamination, urine used to be collected by 
catheterisation for culture. Any bacterial growth 
from catbctehsed urine was considered to denote 
infection. Even under ideal conditions, 
catheterisation leads to urinary infection in at least 
two percent, and when precautions are inadequate, 
the risk is much higher. Hence catheterisation is 
no longer considered justifiable for diagnostic 
purposes. Instead, dean-voided midstream samples 

of urine art employed far culture. Such spcarrtcrl5 

should be collected carefully to reduce 
contamination to the minimum. In men, ft is 
sufficient if midstream urine is collected after the 
prepuce is retracted and the glacis penis cleaned 
with wet cotton. In women, anogenital toilet is- more 
important and should consist of careful cleaning 
with soap and water. Nonirriiant antiseptics such 
as chlorhejtidine have been recommended for vulva! 
cleaning. Urine: should he passed keeping the labia 
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Table 349.2 Methods lor detection oi ETEC en(eroto*ins 


Attty 

LT 

ST 

In vivo rests 

Ligated rabbit ileal loop 

Read at & hours 

* 

* 

Read *t 1$ hours 

+ 

- 

Infant rabbit bowel 

4 

4 

Infant mouse intragenic (4 hours) 

- 

+ 

Adult rabbit skin (vascular permeability factor) 

4 

- 

In vitro tests 

Tissue culture rests 

Rounding of Yl mouse adrenal cells, 


- 

Elongation of Chinese' hamster ovary (CHOJ ceils 

4 

- 

Serological tests 

■ ELISA 

#■ 

(ST-ELISA 


- 

with luunti- 
coloniil 
ant ibody 

Passive agglutination tests, passive immune 


- 

hemolysis, precipitin (Eikens) test 

+ 


Generic tests 



PNA probes 

4 



separated by fingers. The firsf pardon of urine that 
flushes out commensal bacteria from the anterior 
urethra is discarded. The next portion of the urine 
(midstream sample] is collected directly inro a 
Sterile wide muuthed container anti transported to 
the laboratory without delay, Urine is a good 
medium for the growth of ccliforms and other 
urinary pathogens,, and hence delay in processing 
will vitiate die results of quantitative Culture. If 
delay of more than 1—2 hours is unavoidable, the 
specimen should be refrigerated. 

In quantitative cultures, midstream urine 
samples will give a hiphasic distribution of colonies, 
most specimens containing ei ther less than 10,000 
or more than 100,000 bacteria per ml. (Cass and 
other investigators have established that in the 
presence of active infection in the urinary tract the 
urine will contain 100,000 bacteria or more per 
ml. This level is, therefore, considered to represent 
significant bacteriuria. Counts of 10,000 bacteria 
or less per ml are due TO contamination during 


voiding and are of no significance. Counts between 
the two levels arc Infrequent when the sample is 
collected properly and processed promptly. Such 
results should be considered equivocal and the 
culture repeated. Needless to say, interpretation of 
b’acteriuria, should always be with reference to the 
condition of the patient. In patients on antibacterial 
or diuretic drugs and with some bacte ria like Sfitph, 
auratg, even low counts may be significant. 

For quantitative culture, serial ten fold dilutions 
of urine are tested by tire pour plate or surface 
culture methods, This, however, is too complicated 
for routine diagnostic work, for which 
semiquandtative techniques are more convenient. 
The most widely used technique employs a standard, 
loop which transfers a fixed, small volume of urine. 
One loopful of urine is placed 00 m non inhibitory 
medium (blood agar] and another loopful on an 
indicator medium (MacConkcy), The former 
medium gives a quantitative measurement of 
bactcriuria, while the latter enables a presumptive 
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diagnosis of the bacterium. The [solutes are 
identified by their properties. 

Bacteriological investigation of urinary tract 
infection is not complete without an. antibiotic 
sensitivity test of the isolate. E. coii and other 
common urinary pathogens develop drug resistance 
so frequently that no antibacterial therapy can Ire 
instituted meaningfully without testing individual 
strains. Resistance is often to multiple drugs and is 
of the transferable variety. Antibiotic sensitivity tests 
may be done directly using the urine sampler as 
inocuta and the results confirmed by repeating the 
test with individual isolates. 

Because urinary tract infection is such a common 
problem and bacteriological facilities are not always 
available, several screening techniques have been 
introduced for the presumptive diagnosis of 
significant bacterium, These include the following: 
1) Grits* nitrite test-based on the absence of nitrite 
in normal urine, The presence of nitrite, detectable 
by a simple tent, indicates the presence of nitrate- 
reducing bacteria in urine, 2) catalase test — the 
presence of catalase as evidenced by frothing on 
addition of hydrogen peroxide indicate* baclcriutia, 
though a positive result is obtained also in 
hematuria, 3) triphcnyhctmolium chloride (TTC) 
test - based on the production of a pi nit-red 
precipitate in the reagent caused by the respiratory 
activity of growing bacteria* 4) microscopic 
demonstration of bacteria in Gram stained films of 
urine, 5) glucose test paper - based on the utilisation 
of the minute amounts at glucose present in normal 
urine, by bacteria causing the infection, and 61 dip 
slide culture methods - agar coated slides are 
immersed in urine or even exposed to the stream of 
urine during voiding, incubated and the growth 
estimated by colony counting or by colour change 
of indicators. None of the screening methods is as 
sensitive or reliable as a culture. 

The antibody coated bacteria, test has been 
employed for the localisation of the site of urinary 
infection. This is based oft the assumption that 
bacteria coated with specific antibodies are present 
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in the urine only when the kidneys are infected 
and not when the infection is confined to the 
bladder. Antibody coind bacteria are detected by 
immunofluorescence using fluorescent tagged 
anti hum an globulin or by staphylococcal 
caagglutiniriort, 

Diarrhea: Right From 1885 when Eschcrich 
first isolated the bacillus from the feces of infants 
with enteritis, E, coii bad been suspected to be a 
causative agent of diarrhea. However, as there was 
no way then of differentiating diarrheagenic E. coii 
strain* from the welter of commensal strains 
invariably present in norma] feces, it remained 
unconfirmed till serotyping schemes for E. coii 
were developed. It was only in 1945 that Bray 
established the etiological role of a specific type of 
ELcofifsubsequently recognised as type0111) during 
a hospital outbreak of childhood diarrhea in 
London, Soon many other enterop&thogenic 
serotypes of B, coii came to be recognised as 
responsible for infantile diarrhea. Subsequently, 
other varieties of E. coii diarrhea came to be 
identified in children as well as in adults, At least 
five different types of diarrheagenic E coii are now 
recognised - entcropathogcnic, enterotoxigenic, 
e nt e ro i n vasi ve, e nte ro -he morrhag i c 

(Shigatoxigenic or Verotoxigenic) and fintero- 

aggregtrive E. coii 

Enteroput hogen ic !L cnli Hi PRO: These 
have been associated mainly with diarrhea m infants 
and children usually occurring as institutional 
outbreaks but they can also cause sporadic diarrhea 
in children and less often in adults, EPEC diarrhea 
was. common worldwide from the late 1940$ to the 
1960s., Afterwards, it has become less common, 

EPEC were identified by serotyping. initially 
by their Q and B antigem (for example, 026:136, 
055:BS, 0111:B4 and so on). After the existence of 
the B antigens became suspect, only O typing is 
practised., 

Hie diagnosis of EPEC diarrhea is relatively 
easy during outbreaks but very difficult in sporadic 
cases. Fresh diarrheal, feces is plated on blood apt 
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and MacCcmlc^ media. AiSer overnight incubation, 
E, coli colonics are emulsified in saline on n slide 
and tested for agglutination bv polyvalent and 
monovalent EFEC O antisera. At least ten colonies 
per plate should be tested as many serotypes are 
present m a single culture. It isolated colonics are 
negative, the confluent growth is emulsified and 
tested, taring outbreaks, if the causative serotype 
is known, cultures need be tested only with the 
particular antiserum. EFEC antisera are flow 
difficult to -obtain and so specific diagnosis is 
available only in few laboratories. When the 

outbreak :s caused by a strain with some readily 

demonstrable feature such as failure to ferment 
sorbitol, rapid identification is possible by using 
appropriate culture media. 

The pathogenesis of EPEC diarrhea is not fully 
understood, EFEC do not ordinarily produce 
enterotoxins, nor are they invasive. In infantile 
enteritis, the bacilli are seen to be adherent to the 
mucosa of the upper small intestine, intimately 

attached to cup-like projections (’pedestals') of the 
enterocyte membrane, causing disruption of the 
brush border microvilli The name cnfcreWherenf 
E. coli has been proposed for these strains, which 
can be identified by their adhesion to HEp-2 cells. 
Enterotoxigefiis E. noli (HTKO: 
Diarrhea caused by ETEC is endemic in the 
developing countries in the tropics, among all age 
groups in the local papulation,. Its severity varies 
from mild watery diarrhea to fatal disease 
indistinguishable from cholera. Persons from 
developed countries visiting endemic areas often 
suffer from ETEC diarrhea - a condition known 
a» ‘traveller's diarrhea’. ETEC diarrhea came into 
prominence from the late 1960s.. 

Though plasmids with enterotoxin genes may 
be present in any strain of E. coli, in practice only 
a small number of serotypes become 
enterotoxigenic (for example, 06,08,015,025,027, 
0167). Tnerin production alone nure |iot lead to 
illness. The strains should fust he able to adhere to 
intestinal mucosa. This adhesion is mediated by 


funbrial Of colonisation factor antigens, of which a 
number have been identified (CFA J, II, 111,1V}. 

Diagnosis of El EC diarrhea depend 1 ? on the 
demonstration of enterotoxin in E, coli isolates by 
any of the methods listed in Table 30.2. A strain of 
ETEC may produce either LT or ST or both. 
Detection of LT i$ easy as many in vitro methods, 
arc available, such as tissue culture tests (rounding 
of Y, mouse adrenal cells and elongation of CHO 
cells due to intracellular increase of cAMP 
concentration), and serological tests. (ELISA, 
passive agglutination and immunoEysin tests). In 

vivo tests such as rabbir loop or intiadrimal tests 
may be used when in vitro tests are not available. 
The detection of ST is more difficult The infant 
mouse test is stilt widely employed, t he poor 
antigenicity of ST has prevented the development 
oi serological tests, though ST ELISA using 
monoclonal antibody has beer, introduced. Genetic 
probes are available for detection of ST and LT in 
E: coli cultures, or directly in feces, food or water. 
Enturoinvasivc It. coli (ElEC): These 
resemble shigcllac in many respects, Many of these 
strains are nonmotile, do not ferment lactose or 
ferment 3r late with acid, but without producing 
any gas and do not form lysine decarboxylase. Many 
of these show 1 O antigen cross reaction with 
shigellae. These ‘atypical’ E coif strains had earlier 
been grouped under the 'Alkalescens-Dispar Group' 
and green names such -as ‘Sh (gefla affcaJefcenT 
{resembling Sh- flcxneri except in fermenting 
dulcitol and forming alkali in, litmus milk) and 'Sh, 
dispar (late lactose fermenter like Sh, sonnei hut 
indole positive). Besides these ‘atypical strains’ many 
typical E. coli strains can also cause clinical illness 
resembling shigellosis. These have been termed 
cnterar.ivasivr E. coli because they have the capacity 
to invade interstitial epithelial cells in vivo and 
penetrate HeLa ceils in tissue culture, EIEC strains 
usually belong to serugroLips 028 ac, 0112 ac, 0124, 

0136,0143,0114, 0152, 0154. 

Clinically EIEC infection resembles shigellosis, 
ranging from mild diarrhea to (Vank dysentery, and 
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occurs, in children as well as adults. For laboratory 
diagnosis of El EC, the Serenjr test used to be 
employed (.that is, instillation of a suspension of 
freshly isolated El EC or shigella into the eyes of 
guinea pigs leads ro mucopurulent conjunctivitis 
and severe keratitis). Mice may be used instead of 
guinea pigs. Cell penetration of HeLaor HEP-2 
cells in culture is a more humane diagnostic test. 
This ability to penetrate cells is determined by a 
large plasmid, detection of which can also be a 
diagnostic test. The plasmid codes for outer 
membrane antigens called the SmrJence nmrkcr 
antigens' (VMA) which can he detected hr the 

ELISA (VMA ELISA) test. 

H nl erohcniorrluigic R.yoli (EHEC) 
Shigato-xi genic El. cal! (STEC) or 
Veroliixigenic E. coli (VTEC): E .coli 

strains producing verocvtoloxin (VT) or Shiga-like 
toxin (SLT) can give rise Do diarrheal disease ranging 
in severity from mild diarrhea to tatal hemorrhagic 
colitis and hemorrhagic uremic syndrome {HUS) 
particularly in voting children and the elderly. The 
primary target for VT appears It) he the vascular 
endothelial cells. This may explain the pathogenesis 
of HLTS, in which a characterisrk renal lesion is 
capillary microangiopathy. VTEC also produces 
diarrhea in cardc and pigs. The typical EHEC is 
serotype 0157: H7, but a few others such as 026: 
H 1 also belong to this category. 

The disease may occur sporadically or as 
outbreaks of food poisonopg. The source of 
Infection is contamination by human or animal 
feces, directly or indirectly. Changing life styles and 
eating habits, with growing populsri ty of fast fowls 
have led to a remarkable increase in EHEC food 
poisoning. In the USA, about 20,000 cases of 0:157 

food poisoning occur every Year,, many with 
hemorrhagic complications. A large outbreak of 
food poisoning caused by E. coli 0:1.57 , with over 
10,000 cases occurred in Japan in 1996, mostly 
affecting school children. Invcstigatio-n of this 
epidemic revealed the source of infection to he salad 
vegetables such as radish and alfalfa sprouts, in 


which the bacteria were found beneath the skin 
and in the deeper tissues. Washing would not 
remove the bacteria from such vegetables and 
cooking alone may ensure safety. This finding 
extends the scope of EHEC food poisoning to 
vegetarians also. 

Laboratory diagnosis of VTEC diarrhea can lie 
made by demonstration of the bacilli or VT in fcccs 
directly or in culture. As VTEC forms only a 
minority of fecal coliforms in infected eases, testing 
individual colonies may not he successful. The 
sensitivity can be considerably increased by using 
DNA probes for VT ( and VT. genes. VT can be 
detected by its cytotoxic effects on Vero or HeLa 
cells. Demonstration of VT neutralising antibodies 
in convalescent sera may help in retrospective 
diagnosis. 

Most VTEC strains belong to the serotype 
□157:H7 which dues not ierment sorbitol, unlike 
the majority of E. cols. So the use of sorbitol 
MaeConkey medium helps in screening for 0s 15 7 
VTEC. 

Enteraaggregative EL coli (EAEC): 
There strains are so named because they appear 
aggregated in a "stacked brick’ formation on Hep- 
2 cells or glass. They have been associated with 
persistent diarrhea, especially in developing 
countries. Most of the are O-untypablc, but many 
are H-typable. In animal experiments they cause 
shortening of villi, hemorrhagic necrosis and mild 
edema with mononuclear infiltration of the 
submucosa. They form a low molecular weight heat 
stable enterotoxin called EASTl 
('EnCeroaggregative; heat stable enterotoxin-1). 
Ryogenic infections: £7 coir form the most 
common cause of intra-abdominal infections, such 
as peritonitis and abscesses resulting horn Spillage 
of bowel contents. They also cause pyogenic 
infcations in the perianal area. They are an 
important cause of neonatal meningitis. 
Septicemia; Blood stream invasion by E. coli 
may lead to fatal conditions like septic shock and 
"systemic inflammatory response syndrome’ (SIRS). 
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As jE. c ali commonly show multiple drug 
resistance, antibiotic sensitivity testing of strains is 
important in treatment. 

EDWARDSIEUA 

The genus contains the species Edwardsiella 
tarda which is a noncapsulated, motile bacillus with 
weak fermentative powers. The name farth refers 
to its tardy or weak fermentation of sugars. Of the 
sugars commonly used, onlv glucose and maltose 
are fermented, It forms indole and HjS, utilises 
citrate and decarboxylases lysine and ornithine. 

E. tsrrcfa is a normal intestinal in habitant of 
snakes and other cold blooded animals, It has been 
cultured from normal and diarrbeaic human fetes. 
Its pathogenic role Is uncertain but it has been 
isolated from nounds, urine, blood, and from CSF 
in cases of far al mcningiTas. 

CITROBACTER 

These are motile bacilli which utilise citrate, grow 
in KCN medium, produce H 2 S and ferment lactose 
late or not at all. Three species are recognised, Crfra, 
freundii which gives typical reactions and Citro, 
koseri (formerly Ckro . diversus) and Crfro, 
amalonStittU w'hich do not form H 2 S- Creep. 
fhecmcJj'j strains were formerly classified as the 
'Ballerup-Bethesda group 1 . They exhibit extensive 
antigenic sharing with salmonella?. This may cause 
confusion in the diagnostic laboratory Some strains 
(for exmaple, the Bhatnagar strain) have a Vi 


antigen serologically identical to the antigen of S. 
syphl and S, paratyphi C- These may be used for 
the estimation of VI antibodies or for raising Vi 
antisera. 

Citrobacter Is a normal intestinal inhabitant. 
Many strains formerly called paracolons belong to 
this group. It has been isolated from a few cases of 
enteric fever but i ts etiological role is not established. 
It may cause infections of the urinary tract, gall 
bladder, middle ear and meninges, 

KLEBSIELLA 

The genus Kiebsielh consists of non motile, 
capsulated rods that grow well on ordinary media 
forming large, dome shaped, mucoid colonics of 
varying degrees of stickiness. They are short, plump, 
straight rods, about 1-2 x G.5-(hfl mm in siae. The 
capsule is often prominent and can be made out 
even in Gram stained smears as haloes around the 
bacilli. Klehsiellae are widely distributed In nature, 
occurring both as commensals in the intestines and 
as saprophytes in soil and water, Their classification 
has undergone various modifications. They have 
been classified into three species based on 
biochemical reactions and into over 80 serotypes 
based on the capsular (K) antigens (Table 30.3). 

KLEBSIELLA PNEUMONIAE 

(Fr'jWIandtYi- badl/us, Bacillus macaws caprotafus) 

This bacillus was first isolated by Friedlander 


Table 30-3 Differentiation <?i Klebsiella species 



1C, pneumoniae 

K. ozseoae 

K. rhinoscleramatis 

(.J35 from glucose 

+ 

d 

— 

Acid from lactose 

+ 

d 

- 

MR 

- 

+ 


VP 

+ 

- 

- 

Citrate 

+ 

d 

- 

Urease 

4 

d 

- 

Malonate 

4 

— 


Lysine 

4 

d 

- 
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(1933) from fatal cases of pneumonia. It ferments 
sugars (glucose, lactose, sucrose, mannitol) with 
the production of acid and abundant gas. It is indole 
and MR negative and VP and citrate positive (TM 
Vie - — * +). Biochemically variant strains arc 
common. It forms urease. Strains, formerly labelled 
as nonmofile Aernhacter aerogencs ( K. aerogcncs} t 
are now considered to he K. pneumoniae subspecies 
acrogcncs. It is the second most populous member 
of the aerobic bacterial flora of the human intcstinc- 
It has become a very important cause of 
nosocomial infections, even replacing E. coli in 
some centres, It causes pneumonia, urinary infection, 
other pyogenic infections, septicemia and rarely 
dianrhea. 

Kicbsiclfa pneumonia is a serious disease with, 
high case fatality. It occurs in middle aged or older 
persons who have medical problems such as 
alcoholism , chronic bronchopulmonary disease or 
diabetes meliitus, The disease is characterised by 
massive mucoid inflammatory exudate of lobar or 
lobular distribution, involving one or more lobes 
of the lung. Necrosis and abscess formation are 
more frequent than in pneumococcal pneumonia. 
Serotypes 1, 2 and 3 are usually responsible for 
pneumonia. Positive blood cultures can be obtained 
in about 25 per cent of the eases. 

A', pneumoniae Is a frequent cause of urinary 
infection. As most strains are resistant to antibiotics, 
treatment poses serious problems. It also causes 
pyogenic infections such as abscesses, meningitis 
and septicemia. 

Some strains of A. pneumoniae isolated from 
eases of diarrhea have been shown to produce an 
entcrotoxin very similar to the heat stable toxin of 


E. coU. The production of this toxini is determined 
by the presence of a plasmid. 

Diagnosis is made by culturing appropriate 
specimens and identifying the isolate by 
biochemical reactions. Antibiotic sensitivity should 
invariably be done. Many strains cany plasmids 
determining multiple drug resistance. 

K. ozaeme is a bacillus associated with ozena, 
a disease characterised by foul smelling nasal 
discharge. Identification is difficult due to wide 
variations in the biochemical reactions of individual 
strains. K. ozaemte belongs to capsular types 3-6. 

K. rhinasclemmatis causes rbinoscletoma, a 
chronic granulomatous hypertrophy of the nose 
prevalent in southeastern Europe, India and Central 
America. The bacilli are seen imracellularly in 
lesions. It can be identified by biochemical reactions 
and belongs to capsular type 3. 

The species K. OXytiOGt may be rarely isolated 
from clinical specimens, 

ENTEROBACTER 

Formerly known as Aerobacfer, these aro motile, 
capsulatcd, lactose fermenting bacilli which arc 
indole and MR negative and VP and citrate posifive- 
Two clinically relevant species are E. cloacae and 
E- acrogcncs (Table 30.4). 

They are normally found in feces, sewage, soil 
and water and rarely in urine, pus and other 
pathological materials. They may be responsible 
for hospital infections. 

HAFNIA 

This is a motile,, nunlactose-fernieniirtg bacillus 

which is indole and MR negative and VP and citrate 


Table 30.4 Dillerenlialicn between E. cloacae and E. serogenes 



E. cloacae 

E. acrogcncs 

Gas from glycerol 

- 


Aesojlin hydrolysis 

- 

+ 

Lysine daubutllwil 

* 

4 

Arginine dihydioiase 

+ 

4 
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positive. Biochemical reactions arc evident best 
as 22 ‘G; it 27 ; C they may be negative or irregular. 
Only one genus is recognised, M. aJra'. It is 
found in human and animal feces, sewage, soill and 
water. 

SERRATIA 

This differs from Hafhia in forming a pink, red or 
magenta, nondifFtisible pigment called prodigiosin 
which in formed optimally at room temperature. 
Only one species is of medical importance - 5. 
mtrcescens {'Bacillus prodigiosan'}, Jt is 
pleomorphic, with mi mite coccobadltary and 
normal bacillary forms. It is a saprophyte found in 
warer, sod and food, Jr may grow in sputum after 
collection and may suggest hemoptysis because of 
the pigment formed ( L pseudohemopiysiK'). 
Nosocomial infections due ro $. marccsccn? are 
heing reported with increasing frequency. The 
bacillus has been associated with meningitis, 
endocarditis, septicemia, peritonitis, respiratory' 
infection and many other conditions. Multiple drug 
resistance is common in hospital strains- 

TfllBE PHOTEf AE 

(Proteus bacilli) 

Proteus bacilli constituting the tribe Pmtceac are 
lactose nonfemnenters and so do not strictly belong 
to the group of cobtorm bacilli’. However, they 
arc also normal intestinal commensals and 
opportunistic pathogens like coliforms, and so are 
included in this chapter. The name 'Proteus' refers 


to their plcomorphism, alter the Greek god Proteus 
who could assume any shape. 

The tribe Profccaels classified into three genera 
- FVoreus, MorgancUa and frovidencia. Most of 
then! except for sunt-e Pruvindertcia strains. produce 
a powerful urease which rapidly hydrolyses urea 
to ammonia and carbon dioxide. A characteristic 
Feature which distinguishes Froreeae from other 
enterobacteria is the presence, in all members of 
the tribe, of the enzyme phenyl alanine deaminase 
which converts phenyl alanine to phenyl pyruvic 
acid (PPA reaction). All of them with few 
exceptions show the following features: 

Gram negative, noncapsulated, pleomorphic, 
motile rods, 

* resistant to KCN: 

* degrade tyrosine; 

■ fail fo acidify lactose, dulcitol or malonate; 

* do not form arginine or lysine decarboxylase or 
beta galactosldasc; 

1 MR positive, VP negative. 

The major differentiating features of medically 
important species of protcus bacilli arc sfnram in 
Tabic 30.5. 

Protcus bacilli possess somatic O and flagellar 
H antigens, which are of considerable historical 
Interest. Weil and Felix (1916) studying Proteus 
bacilli observed that flagellated strains growing on 
agar formed a thin surface film resembling the mist 
produced by breathing on glass and named this 
variety the 'Hatch r form (from Ifauch* meaning 
film of breath). Nonflageiiatcd variants grew as 


Table 30.5 Biochemical features of Proteus bacilli 


It* 

Pr, Pr. 

mirabilit vulgaris 

Morg, 

morgtnii 

Pror, Pray, 

alcilifaciens ituartii 

ProYi 

tttSgdi 

Urease 

+ 

4 

# 

m 

4 

4 

Ornithine 

4 

- 

4 

- 

- 

- 

decafboxyii se 







1 ndole 

- 

+ 

* 

4 

4 

+ 

RttmiJitiTitwi of adonitiiJ 

- 

- 

- 
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± 
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isolated Colonies without the toriau film and were 
called 'Obne Hauelf (meaning without film of 
breath)- These names came to He abbreviated as 
the 11 and 0 forms. Subsequently, the IT and O 
were extended to refer to the flagellar and somatic- 
antigens of other bacilli a*; well. The terms are also 
Used to designate the type of bacterid agglutination, 
the M type referring to the loose, flu fly masses 
formed when flagellated cells are agglutinated, and 
the 0 type to the fine granular appearance of 
somatic agglutination. 

Weil and Felix also observed that certain 
non motile strains of Pr, vulgaris, called rhe L X 
strain/, were agglutinated by sera from typhus fever 
patients.This hcttrophilic agglutination due to the 
sharing of a carbohydrate hapten by certain strains 
of Proteus and rickettsiae forms the basis of the 
Weil-Felix reaction for the diagnosis of some 
rickettsial infections. Three nonmotile Proteus 
strains 0X2, OXl9 mid OXK are used in the 
agglutination test. 

Proteus bacilli are widely distributed in nature 
as saprophytes, being found in decomposing animal 
matter, in sewage, in manured soil and in human 
and animal feces. They are frequently present an 
the moist areas of the skin. They are opportunistic 
pathogens, commonly responsible for urinary and 
Septic infectious, often nosocomial. 

The genus Protects contains two species of 
medical importance - Pr. ntirabitis, which is an 
important urinary am! nosocomial pathogen, and 
Pr, nifepro which is found much less commonly 
in human infections. Pr. mirabilix is indole negative 
and Pr, indole positive. 

Cultures of proteus bacilli have a characteristic 
putrefactive odour described as 'fishy' of seminal'. 
Pr. mirstbffis and Pr. vulgaris swarm on solid culture 
media. Discrete colonies arc seen in young culture! 
but thereafter actively motile cells spread on the 
surface of the plate in successive waves to form a 
thin filmy layer it: concentric circles. Swarming 
growth is a problem in the laboratory when mixed 
growth is obtained in which proteus bacilli are 


present with other bacteria. Several methods have 
been used to inhibit swarming J increased (tJ%) 
concentration of agar, incorporation of chloral 
hydrate (1:500), sodium, azide (1:500), alcohol (5- 
6 %), sulpbonamidc, surface active agents or boric 
acid (1:1000), Swarming does not occur on 
MacCon key's medium, on which smooth colourless 
colonies are formed. 

The genus Morgandln has only one species, 
M. morganii (formerly Pr. raotgwu). It does not 
swarm in culture. Tt is commonly found in human 
and animal feces and causes urinary infection 
infrequently, Nosocomial wound infections also 
oceur. 

The genus Providcncu (formerly known as 
Proteus inoanstmns} contains three species seen in 
cBnical infections, alaUAdais is sometimes 
seen in normal human feces but far more frequently 
in diarrheal stools though its etiological role is 
uncertain. Pray stuarri? is a common cause of urinary 
infection and of infection in bu rns. Freni rettgerii is 
part of the normal fecal flora of reptiles and 
amphibians, and sometimes causes nosocomial 
infection of the urinary tract, wounds, burns and 
blood. 

Proteus bacilli are resistant to many of the 
common antibiotics. An exception is Pr. mimhibs 
which is sensitive to umpicitlm and cephalo-SporirtS. 
Providencia are the most resistant, particularly Prev: 
stuartii which is also resistant to disinfectants such 
as chlnrhexidine, cetrimide, benzatkonium chloride 
and heavy metal compounds such as silver 
sulphonaiiiidc, making it a major pathogen in bums 
units. Jt is (emitWs to phenol arid ghitareklclxyde. 
Amikacin and ciprofloxocin are generally effective 
iti Treatment. 

EHWINIA 

These are anaerogenic bacilli forming a yellowish 
pigment, usually found in soil and causing plant 
Infections. E. betbiuoh has occasionally been 
isolated from respiratory and urinary infections in 
predisposed Or hospitalised patients. 
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E nte r obacte ri aceae II: Shigella 



DyvenlCcfy is a clinical condition of multiple etiology, 
characterised, by the frequent passage of blood 
stained, mucopurulent stools. The two common 
types of dysentery arc bacillary and amebic. The 
causative agents of bacillary dysentery belong to 
the genus Shigella, so named after Shiga, who in 
1856 isolated the first member of this genus from 
epidemic dysentery in Japan. Some other bacilli, 
such as erttera invasive E. coti, Vibrio 
parthtemolythis and Compyiobieter^ can also cause 
the clinical picture of dysentery. 

M orpholtigy: ShigeElae are short. Cram 
negative rods,, about 0,5 pm * 1^3 pm in size. They 
are nonmorile, nonsporing and noncapsulated. 
Fimbriae may be present. 

Cultural characteristics They are acrohes 
and facultative anaerobes, with a growth tempe¬ 
rature range of 10-40 °C and optima of 37 and 
pH 7.4. They grow on ordinary media bur less 
readily than other enterobacteria, Alter overflight 
incubation, colonies are small, about % mm in 
diamerer, circular, convex, smooth and translucent. 
Occasionally cm primary isolation and frequently 
in subcultures, a proportion of the colonics may he 
of the rough type. Colonies on MacConltey agar 
arc colourless due to the absence of lactose 
fermentation. An exception is Sh, sonnet which 
ferments lactose late and forms pale pink colonies. 
Deoxycholate citrate agar (DCA) is a Useful 
selective medium. Growth is inhibited on Wilson 
and Blairs bismuth sulphite medium. 
Resistance; Shtgdlac arc not specially resistant. 
They arc killed at 56 in one hour and by 1% 
phenol in 30 minutes. In ice they last for 1-6 


months.They remain viable in moist environments 
for days, but die rapidly on drying. In feces they die 
within a few hours due to die acidity produced by 
the growth of ooliforms, Sh, sonnei is in general 
more resistant than other shigella species, 
liiochcniiunl reactions: ShigelUe are MR 
positive and reduce nitrates to nitrites. They cannot 
utilise derate as the sole source oi carbon, do not 
form H,S and are inhibited by K.CN, Catalase is 
produced, except by Sir. dysenveriae type 1. Glucose 
is fermented with the production nf acid, without 
gas, except for the Newcastle and Manchester 
biorypes. of Sh. tlexneri type 6, and some strains of 
Sh. boydii types 13 and 14, which form gas. 
Fermentation of mannitol in oi importance in 
classification and Hhigellae have traditionally been 
divided into mannitol fermenting and 
nonfermenring species. .Sh. flex fieri, Sh. boydii and 
5h. sonnet ferment mannitol, while Sh. dysenteric 
does nor. Exceptions are noc infrequent, Lactose 
and sucrose are not fermented, except by Sh. sooner 
which ferments them late. Adonitol, inositol and 
salicm are not fermented. 

Antigenic structure: Shigcllac possess ore 
or more ‘major' antigens and a large number of 
‘minor" somatic O antigens. Some strains possess 
K antigens. These arc not relevant in typing but 
may sometimes interfere with agglutination by O 
antisera, Fimbria! antigens are also present. In 
general, the antigenic structure of shigellae is 
simple, compared to the complex structure of 
salmondlae-There inconsiderable antigenic sharing 
between some members of the genus as well as 
between shigellae and E. cob. Common fimbria] 
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anrigens may also occur, particularly in $h. Qcxncri. 
It is, therefore, important that the identification 
of shlgelhe should he made by r a combination of 
antigenic and biochemical properties and rot by 
slide A gg lutination alone. 


Ct.ASSj FIXATION 

Shigellae arc classified into four species or 
subgroups based on a combination of biochemical 
and serological characteristics. Serotypes are 
distinguished within the species. Sh. sonnet is 
serologically homogeneous and is classified hy 
Colicixi typing. 

Sh, dysenteriae (subgmup Ah This species 
of mannitol nnntermenting bacilli consists of ten 
serotypes. Type 1 is the bacillus originally 
described by Shiga (Sh. sh/gae). It is indole negative 
and is the only member df the family that is always 
catalase negative. {Sh. Eehmitzi and ,57?. sonnet are 
invariably catalase positive, while among other 
shigella species, some strains may be catalase 
negative.) 

Sh. dysenteriste type 1 forms a toxin (Shiga 
toxin), the earliest example of an no train produced 
by a Gram negative bacillus. Three types of toxic 
activity have been demonstrated in shigella culture 
filtrates; (1) neurotoxicity,, demonstrable by 
paralysis and death on injection into mice or 
rahhir-.. Though known as "neumtnxiin', the primary' 
site of its action appears to be not the nervous 
tissue hut the blood vessels, mainly of the Central 
nervous system, with the neurological effects being 
secondary; (2) e i ] t e rotoxi d ty> with induction ol fluid 
accumulation in Ligated rabbit ileal loop. Two 
new shigella entenotoxins have hern identified, 

designated as Sh. ET-1 and 2 , the former 
confuted to Sh. flexneti 2a and the latter more 
widespread' and (3) cytotoxicity, causing eytopathic 
changes in cultured Veto cells. This ap|ieani to be 
the same as Veroroxin 1 (or Shiga-likc toxin) 
produced by certain strains of £. co/p (VT EC). The 
toxin consists of binding (R) and active (A) subunits. 
Subunit A is divided into two fragments A1 and 


A2. fragment AI appears to inactivate fust cell 60 
S ribosome, interfering with protein synthesis. 

Sh. dysentttite type 2 (5/l. sehmirti) forms 
indole and ferments sorbitol and rhamnose. 
Serotypes 3-7 were described by Large and Sachs 
in India and hence used to be known as the Large— 
Sachs group. Three further serotypes have been 
described making a total of ten. 

Sh. flesncri (subgroup R): This group is 
named after Flexner, who described the first of the 
mannitol fermenting shigellae from Philippines 
(1900), Th is group is biochemically heterogeneous 
and antigenic ally the most complex among 
shigellae. Based on type specific and group specific 
antigens, they have been classified into six serotypes 
(1-6) and several subtypes (la; lb; 2a, 2b; 3a, 3b, 
3c, 4a, 4b, 5a, 5b). In addition, two antigenic 
‘variants' called X and Y are recognised, which lack 
the type specific antigens. Serotype 6 is always indole 
negative and occurs in three biorvpes., some ui which 
form gas from sugars. 

Sli. boydii (subgroup C)t This group consists 
of dysentery bacilli that resemble Sh. flexneri 
biochemically but not antigenically. The group is 
named after Boyd, who first described these strains 
from India (1931), Fifteen serotypes have been, 
identified. Sh. horJu' are isolated least frequently 
from cases of bacillary dysentery, 

Sh, sonnei (subgroup D): 'fliis bacillus, first 
described by Sonne (1915) in Denmark, ferments 
lactose and sucrose late. It is indole negative. It is 
antigenically homogeneous but may occur in two 
forms “ phase 1 and phase II - the latter forming 
colonics that are Larger, flatter and more irregular. 
On subculture, phase I produces both types of 
colonies but phase 11 is considered to be a loss 
variation. Organisms in phase II may be isolated 
from patients but arc more common In convalescents 
and carriers, 

Sh. goifflei causes the mildest form of bacillary 
dysentery, In many cases the disease may only be a 
mild diarrhea. However, Sh. sonnet infection persists 
as the most common shigellosis in the advanced 
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countries. For epidemiological purposes, Sh . stMtier 
has been classified into many coliciti types. 

Pathocenicity 

Khig^llac cause bacillary dysentery, Infection occurs 
by ingestion. The minimu m infective do&e is low, 
as- few in 10-100 bacilli being Capable of initiating 
the disease, probably because they survive gastric 
acidity better than other enterobacteria. Their 
pathogenic mechanisms resemble those of 
enteroinvasive E. coli. r fhc bacilli infect the 
epithelial cells of the villi in the large intestine and 
multiply inside them, spreading laterally to involve 
adjacent cells and penetrating into the lamina 
propria. Inflammatory reaction develops with 
capillary' thrombosis, leading to necrosis of patches 
of epithelium, -which slough off + leaving behind 
transverse superficial ulcers. Bacteremia mav occur 
in severe infections, particularly in malnourished 
children and in AIDS. 

Though Sh dysenttrine type I forms an 
exotoxi rt, it appears to be much less important in 
pathogenesis than the ability of the bacillus to 
penetrate and multiply in colonic mucosa. 
Nontoxigcnic mutants can still cause dysentery but 
not oaninvasive ones. The invasive property of the 
bacillus can he demonstrated by its ability to 
penetrate cultured HeLa or 1 Icp-2 cells or by rite 


Congo red binding rest. Invasive property is related 
to the presence in the bacillus of large plasmids 
(MAV. 140 * 10*) coding for the outer membrane 
protein responsible for cell penetration, These 
proteins are called 'virulence marker antigens' 
(VMA). Detection of VMA by ELISA serves as a 
virulence test for Shigellae, as for enteroinvasive 
K erf 

Bacillary dysentery h is a sh ort incubation period 
(1-7 days, usually 48 hours). The onset and clinical 
course are variable and are largely determined by 
the virulence of the infecting strain. The main 
clinical features are frequent passage nf loose, scanty 
feces containing blood and mucus, along with 
abdominal cramps and tenesmus. Fever and 
vomiting may be present. Complications are most 
often seen in infection with Sh dysentcri&t: type: 1 
and include arthritis, toxic neuritis, conjunctivitis, 
parotitis and, in children, intussusception. 
Hemolytic uremic syndrome may occur a& a 
complication in severe cases. The severity of the 
disease may vary from acute fulminating dysentery 
to mild diarrhea. As the term bacillary dysentery 
refers only to the more severe ca^es, the term 
'shigellosis’ has been employed to include the 
whole spectrum of disease caused by shigellae. 

Human beings arc the only natural hosts for 
sbtgcllac. Captive monkeys have been found 


Table 3i.i Dijlinguishlng features of Shigella species 


Subgroup 

A 

B 

C 

D 

Species 

Sh. dvsentcriae 

Sh. Hrxncn 

Sh. Sordid 

Sh. sonnei 

Man rn.Ni] 

- 

A 

A 

A 

Lactose 

- 

— 

— 

A Late 

Sucrose 

- 

- 

— 

A Late 

Dulcitd] 

— 

— 

d 

- 

1 sdole 

d 

d 

d 

-• 

Ornithine decarboxylase 

- 

- 

- 

t 

Serotypes 

TO 

f? + variants 

15 

Only one 


A * Add. d-Variable 
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Table 31.2 Biotypes cl Sh. Ilexneri Type 6 


Biotype 

feimentitToii of 

Gfacot* 

Munnital 


Boyd R8 

A 

A 

Manchester 

AG 

AG 

Newcastle 

A or AG 

- 


A-Acid AC = Acid and Gas 


infected hut such infections may have been of 
human origin. Experimentally, dysentery can be 
produced only in monkeys. Human volunteer studies 
clarified the spectrum of shigellosis. Of a group 
of volunteer* ingesting 10,000 Sh, flexneri 2a 
bacilli, a Quarter remained asymptomatic, another 
quarter had transient fever a day or two later, a 
quarter developed fever with watery diarrhea, while 
onlv one quarter developed typical dysentery. 
Epidemiology: Epidemics of bacillary 
dysentery have always accompanied wans and often 
influenced [heir outcome. In several campaigns, 
more men haw died of dysentery than were killed 
in battle. A recent instance was the major epidemic 
affecting many thousands, with high case fatality, 
which occurred during the Rwandan civil war in 
1994. Epidemics in civilian comm unit its are 
associated with poverty and Sack of sanitation. 

The nnty source of infection are human beings 
w cases, or less often carriers. Chronic carriage is 
rate, the bacilli disappearing from feces within a 
few weeks, except in some malnourished chidten 
or AIDS patients, Shigcllae exhibit a high rate of 
secondin' household transmission, The modes of 
transmission may be as follows: (1) direct, through 
contaminated fingers: ‘hand-to-mouth 1 infection, 
(2) through fomires such as door handles, water 
taps, lavatory seats; (3) through water; (4} through 
contaminated food or drink. Shigellosis, especially 
Sh. sonnei i nfection, may occur as food poisoning; 
and (5) through flies which may transmit the 
infection as mechanical vectors; (6) Shigellosis may 
occur in young male homosexuals as part of the 
gay bowel syndrome, 


Shigellosis is worldwide in distribution hut 
epidemiologically, there are a number of differences 
between the nature and extent of the infection in 
the affluent and in the poor countries. Where 
environmental sanitation is good, as in Britain, 
shigellosis is mainly seen in young children and in 
special situation; like mental hospitals [asylum 
dysentery) 1 . Sh. sormel is the predominant infecting 
agjent- In. the USA, Sh. sonnei is the main type in 
the north, while Sh. Saneri is more common in 
the south. In countries where environ mental 
sanitation is poor, endemic shigellosis is found in 
all age groups and is caused by all species. In India, 
Sh- flcxncri has been the predominant species, 
having formed 50-S5 percent of isolates in different 
scries, Sh. dyse/ire/fae IS—2 5 per cent) and Sh- 
sonnei (2-24 per cent) are the next common species- 
Sh. hoyjhi {0-8 per cent) has been isolated least 
frequently. 

I he picture has changed in recent years. After 
a long period of quiescence, 5b. tfysentsriae type I 
suddenly appeared in an extensive and virulent 
epidemic form in Central America in 1968. In 1973, 
a similar outbreak started in Bangladesh and later 
in Sri Lanka. Several localised outbreaks were 
observed in India from 1974, followed by extensive 
epidemics in various states from the early 19805. 

I he epidemic strains showed plu&midborne 
multiple drug resistance. 

Laboratory diagnosis: Diagnosis is made by 
isolating the bacillus from feces. Fresh feces should 
be inoculated without delay or transported in a 
suitable medium such as Sachs' buffered glycerol 
saline, pH7 .0-7.4. Highly alkaline transport media 
used for vibrios are inhibitory for shigcllae, Rectal 
swabs are not satisfactory, 

For inoculation it is best to use mucus flakes if 
they arc present in the sample. MacConkey and 
DC A plates are inoculated. After overnight 
incubation at 37 °C, the plates are inspected for 
nonlactose fermenting colonies, which are tested 
for motility and biochemical! reactions, Any 
ocmmotile bacillus that is urease, citrate, H,S and 
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KCN negative should be further investigated fey 
biochemical tests (Table 31.1). Identification is 
confirmed by slide agglutination with polyvalent 
and monovalent sera- Demonstration of antibodies 
in sera is not useful. 

jfhviCfltt'nf: Uncomplicated shigellosis is a. self 
limited condition in which the patient usually 
recovers spontaneously in a few days. However, in 
acute cases, particularly in infants and young 
children, dehydration has to be corrected promptly, 
Oral rchydration is adequate in most cases. 

Routine antibacterial treatment is not indicated 
in dysentery. Multiple drug resistance plasmids are 


widely prevalent in shigellae* Indiscriminate 
antibiotic treatment will only worsen the problem 
of drag resistance in intestinal bacteria. Antibiotics 
should therefore be limited to severe or toxic eases, 
and in the very young, debilitated and the aged. 
The choice of antibiotic should be based on the 
sensitivity of the prevailing strain. Many strains are 
still susceptible to nalidiuc add or norfloxacin and 
other fluonoquinoloncs- 

Control; Control consists essentially in improving 
personal and environmental sanitation. Antibiotics 
have no place in prophylaxis. No effective vaccine 
is available. 
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Enterobacteriaceae III: Salmonella 


The genus Salmonella consists of bacilli that 
parasitise the intestines of a large number of 
vertebrate species and infect human beings, leading 
to enteric fever, gastroenteritis septicemia with or 
without focal suppuration, and the earner state, 

The most important member of the genus is 
Salmonella typhi, the causative agent of typhoid 
Fever. The typhoid bacillus was First observed by 
Eberth (IfiflO) in the mesenteric nodes and spleen 
oF Fatal cases of typhoid fever and was isolated hy 
GafFky (ISSdj, It came to be known as the Eberth- 
Gaffky bacillus or Eberthella typhi. Salmon and 
Smith (1H85) described a bacillus which was 
belie vert to cause hog cholera (mistakenly, as it is a 
virus disease). This bacillus, later called S. cholcrae- 
suis, was the first of a series of similar organisms 
to be isolated from animals and human brings - 
the genus Sahntmelh. It was subsequently realised 
that the typhoid bacillus also belonged to this 
group, in spite of minor biochemical differences, 
and it was redesignated S, Typhi, the genus 
jEbejr.fr effa having been abolished. 

Sahnonellae currently comprise above 2000 
serotypes nr species, all oi them potentially 
pathogenic, For practical purposes, they may be 
divided into two groups: (1) The enrerie fever 
group, consisting of the typhoid and paratyphoid 
bacilli that are exclusively or primarily human 
parasites’ and (2) the food poisoning group, which 
are essentially animal parasites but which can also 
infect human beings, producing gastroenteritis, 
septicemia or localised infections, 
Morph(ikjgy;Salmoncllac art Gram negative rods, 
about 1-3 pm * 0.5 pm in size. They are motile 


with peritrichate flagella, except for one type, 
S. gall ins rum-pultnrum, which is always 
nonmotile. Non motile mutants of other types may 
somcrimes be found, lliey do not form capsules or 
spores but may possess fimbriae. 

Cultural characteristics: Salmonellac are 
aerobic and facultatively anaerobic, glowing readily 
on simple media over a range of pH 6-8 and 
temperature 15-41 (optimum 37 U C), 

Colonies arc large, 2-3 mm in diameter, circular, 
low convex and smooth. They are more translucent 
than col iform colonies. On M acC n n key and 
deoxycholate citrate media, colonies are colourless 
due To the absence of lactose fermentation. On 
Wilson and Blair bismuth sulphite medium, jet 
black colonies with a metallic sheen arc formed 
due to production of I S. paratyphi A and other 
species that do not form H ,S produce green 
colonics. 

Selenite F and tetrathionate broth are commonly 
employed as enrichment media. 

Biochemical reactions; Salmonellae ferment 
glucose, mannitol and maltose, forming acid and 
gas. An important exception is S. typhi which is 
anacrogcnic. Lactose, sucrose and salicin are not 
fermented. Indole is not produced. They are MR 
positive, VP negative and citrate pjsitive. 5- typhi 
and a lew other salmonellae do not grow in 
Summons citrate medium as they need tryptophan 
as the growth factor. Urea is not hydrolysed. H^S 
is produced, except by Si. paratyphi A, 5. cfrcJerae- 
st us and some other Sfieeies. 

The enteric fever group may be separated 
biochemically (Table 32.1), 
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Kcvstunee: The bacilli are killed it 55 U C in 
one hour or at 60 D C in 15 minutes. Boiling or 
chlorination of water and pasteurisation of milk 
destroy the bacilli. In polluted water and sod* they 
survive for weeks and in ice for months. Cultures 
may he viable for years if prevented from drying. 
They are killed within five minutes by mercuric 
chloride (1:500) or 5% phenol. 

Antigenic structure: Salmoncllae possess the 
following antigens based on hich they arc classified 
and identified: (1) flagellar antigen H, (2) somatic 
antigen O, and (1) a surface antigen Vi T found in 
some species. Several strains carry fimbriae. 
Fimbrial antigens ate not important in Identification 
but may cause confusion due to their nonspecific 
nature and widespread sharing among 
enterobacteria. 

L \ antigen: This antigen present on the flagella 
is a heat labile protein. It is destroyed by boiling or 
by treatment with alcohol but not by formaldehyde. 
When mixed with antisera, H suspensions 
agglutinate rapidly, producing large, louse, fluffy 
clumps. The H antigen is strongly immunogenic 
and induces antibody formation, rapidly and in high 
litres following infection or immunisation. The 
flagellar antigen is of a dnal nature, occurring in 
one of two phases. 

O antigen: The somatic O antigen if a 
phospholipid"protein-polysaecharide complex 
which forms an integral part of the cell wall. It is 
identical with endotoxin. It can he extracted from 
the bacterial cell by treatment with trichloracetic 
acid, as first shown by Boivin (and therefore called 
the Boivin antigen). Treatment with phenol splits 
off the protein moiety, removing the antigenicity 
hut retaining the toxicity of the complex. 


The O antigen is unaif ected by boiling* alcohol 
or weak acids. When mixed with antisera, O 
antigen suspensions Form compact, chalky, granular 
clumps. O agglutination takes place more slowly 
and at a higher temperature optimum (50-55 < ’C) 
than H agglutination {37 T C)- The 0 antigen is 
less immunogenic than the H antigen and the titnc 
of the O antibody induced after infection or 
immunisation is generally lower than that of the 
JJ antibody, 

The O antigen is not a single factor but a mosaic 
of two or more antigen ic factors. Sidmonellae are 
classified into a number of groups based on the 
presence of characteristic 0 antigens on the bacterial 
surface. 

Vi antigen: Many strains of S. fyprir fail to 
agglutinate with the O antiserum when freshly 
isolated. This is due to the presence of a surface 
polysaccharide antigen enveloping the O antigen. 
Felix and Pitt, who first described this antigen, 
believed that it was related to virulence and gave it 
the name 'Vi antigen'. It is analogous to the K 
antigens of conforms. ]f heat labile. Bacilli 
inagglutinablc with the O antiserum become 
agglutinible after boiling or heating ar 60 C for 
one hour. Tt is also destroyed by N HQ and 0-5 N 
NaOH. It is unaffected by alcohol or 0.2% formol. 

Originally observed in S, typhi* the Vi 
antigen with similar antigenic specificity is present 
in S. pzr;it}f}hi C and S. dublin, as well as in certain 
strains of Citrob&eter (the Billemp-Bethesdi 
group). The Vi antigen tends to be lost on serial 
subculture. The Vi polysaccharide acts as a 

virulence factor by inhibiting phagocytosis, resisting 
complement activation and bacterial lysis by the 
alternative pathway and peroxidase mediated killing. 


Table 32.1 Biochemical characters cl typhoid and paratyphoid bacilli 



f?/ueo$e 

Xjfowe 

d-Tartratc 

Mucate 

5, typhi 

A 

d 

A 

d 

S. paratyphi A 

AC 

— 

- 

- 

S. paratyphi li 

AC 

AG 

— 

' AG 

S. paratyphi C 

AG 

AG 

AG 

— 
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In human volunteer experiments, strains possessing 
the Vi antigen were found to cause clinical disease 
more consistently than rhose lacking it. 

The Vi antigen is poorly immunogenic and only 
low ritres of antibody are produced following 
infection. No Vi antibody is induced by the 
phenolised vaccine though low titles are produced 
by rhe aieoholised vaccine. The protective efficacy 
of the Vi antigen is demonstrated by the success of 
the purified Vi vaccine for typhoid now in routine 
use. Detection of the Vi antibody is not helpful for 
the diagnosis of cases and hence the Vi antigen is 
not employed in the Widal test. It has been stated 
that the total absence of the Vi antibody in a proven 
case of typhoid fever indicates poor prognosis. The 
antibody disappears early in convalescence. Its 
persistence indicates the development of the carrier 
stare. The Vi antigen affords a method of 
epidemiological typing of the S . trains based 

on Specific Vi bacteriophages. 

Antigenic variations: The antigens of salmo- 
nelfae undergo phenotypic and genotypic variations. 
H-O variation: This variation is associated 
with the loss of flagella. 'When salmonellae are 
grown on agar containing phenol (1:800)* flagella 
are inhibited. This change is phenotypic and 
temporary. Flagella reappear when the strain is 
subcultured on media without phenol. Rarely, 
salmonellae may lose their flagella by mutation. 
A stable nonmotilc mutant of 5. fyphi is the 901-0 

strain which is widely employed for the preparation 
of O-agglutirable bacterial suspensions. Generally, 
the loss of flagella Is not total and there occurs 
only a diminution in the number of flagella and 
the quantity of the H antigen. Flagellated cells arc 
found in small numbers in such cultures. To obtain 
a population of motile cells, rich in H antigen, from 
such cultures, selection may be carried out by using 
Craigic's tube. This consists of a wide tube 
containing soft agar (0.2%) at the centre of which 
is embedded a short, narrow tube open at both ends, 
in such a way that it projects above the agar. The 
strain is inoculated carefully into the inner tube. 



F«g.32.1 Craigie s lube-. Inoculation is made Inside |he 
inner lube and after incubation, subculture Is Taken 
from the surface of the medium <n the oulet lube 

After incubation, subcultures withdrawn from the 
top of the agar outside the central tube will yield a 
population of motile cells (Fig, 12,1 }■ Instead of 
Craigic's tube, a U-tubc of soft agar may be 
employed, inoculation being made into one limb 
and subculture taken from the ocher. 

Phase variation: The flagellar antigens, of most 
salmonellae occur in one of two phases, that In, the 
flagella may exhibit one or the other of two 
alternative sets of antigens, defined hy two separate 
sets of genes in the bacterial genome. Phase 1 
antigens arc cither specific for a species nr shared 
by a few species only. Hence phase 1 is called the 
"specific 1 phase. Phase 2 antigens arc widely shared 
and hence phase 2 is called the ‘nonspecific’ oi 
‘group' phase, Phase 1 antigens .ire designated a, h, 
c, d, etc,, and after z„ as zl, z2, etc, Phase 2 antigens 
are far fewer and are termed 1, 2, etc. In some 
species, antigens belonging to phase 1 may occur 
as the phase 2 antigens (for example, c, n, x, 2 15). 
Strains that possess both phases are called diphasic 
Some, like 5, typhi, occur in phase 1 only ami are 
called monophuic. 
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A Culture -will contain cells with tile flageliir 
antigens -of both phases but generally One Or the 
other phase will predominate so that the culture is 
agglutinated only by one of the phase antisera. For 
serotyping of Salmonella isolates, it may be 
necessary to identify the flagellar antigens of both 
phases. A culture in phase ] can he converted to 
phase 2 by passing it through a Craigic's. tube 
containing specific phase 1 antiserum, and the 
reverse conversion achieved by using phase 2 
antiserum. 

V-VV variation; Fresh isolates of S, typhi 
generally carry a surface layer of VI antigen that 
completely masks the O antigen. Such bacilli are 
agglutinable with the Vi antiserum but not with 
the O antiserum. This is called the V form. After a 
number of subcultures, the V] antigen is completely 
lost. Such cultures arc inagglutinablc with the Vi 
antiserum but readily agglutinable with rhe O 
antiserum. This is called the W form. Intermediate 
stages during the loss of the Vi antigen., when the 
bacillus is- agglutinable with both Vi and O antisera, 
are called 'VW forms'. 

Other Vi-conraining bacilli such as 5. paratyphi 
C and S■ duhlin seldom have the Q antigen 
completely marked by the Vi antigen. 

S-R variation: The smooth-to-rough variation 
is associated with the change in the colony 


morphology and loss of the O antigen and of 
virulence. The colony becomes large, rough and 
irregular. Suspensions in saline are 
autoagglutinable. Conversion into R forms occurs 
by mu tation. R forms may be common in laboratory 
strains maintained by serial subcultivaticm. S-R 
variation may be prevented to- some extent by 
maintaining cultures on Dorset’s egg media in the 
cold, or ideally by lyophilisation. 

Mucoid colonies, associated with the 
development of a new mucoid or L M’ antigen, have 
been described with S. paratyphi B and some other 
species. 

Variations in O antigen: Changes in the 
structural formulae of the O antigen maybe induced 
by lysogcnisation with some converting phages, 
resulting in the alteration of serotypes, Thus, $. 
anatum is converted into 5, newingfon by one 
phage and the latter in to S. tninneapolii by another 
phage (Fig, 32.2). 

Classifiestion and nomenclature: The 
classification and nomenclature of salmonellac have 
undergone several modifications over the years. 
Inclusion in the genus is based on common 
biochemical properties. Classification within the 
genu® is on antigenic characterisation based on the 
Kauffmann-Whitc scheme. This scheme depends 
on the identification, by agglutination, of the 


S. unai um 


f>. newingLmi 


S. mmneapohs 


serotype 


3, 10: c, h: 1,6. 


L.ysagenisaliort 


with phage 15 


serotype 


3. 15: c, h: 1.6- 


E r y*ngenisa[ion 


with pJuge 34 


serotype 


3. 15.34: e,’h: 1,6. 


Fig. 32.2 Phage conversion nl Salmonella serotypes 
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Table 32.2 Kaufmann-Whrte scheme—ilHushative examples 


SctOgfOUps 

Serotype 

Antigen O 

Ancerai U 

Ph;m- j _ Phi ISC SI 

2 - A 

S. paratyphi A 

1,2,12 

3 

- 

4-B 

S. paratyphi B 

1.4, 5,12 

b 

1.2 


S. typhimurium 

1,4,5,12 

i 

1.2 


S, Chester 

4, 5,12 

c, h 

c, n,K 

7 -Cl 

S. paratyphi C 

6,7, ( Vil 

c 

1.5 


S, c/jcJerae-jiorjf 

6,7 

c 

1.5 

8-C2 

S. moBtcbea 

6, 9 

d 

1.2 

9 - D 

S. ivphi 

% n, m 

d 

- 


S, encesitidis 

1, 9, 12 

B-rn 

- 


S. gaUuuram 

1, 9. 12 

- 

- 

10 -El 

S. anstum 

3, 10 

c,h 

1.6 


structural formulae of the O and H antigens of the 
strains (Tabic 32.2 h 

Salmonellae are initially classified into 
serological groups, based on the presence of 
distinctive 0 antigen iactots., which are designated 
1, 2 t 3, etc. Strains possessing factor 2 belong to 
group A, factor 4 to group B, factor 9 to group 1) 
and so on. Serogroups were originally designated 
by capital Letters, A to Z„and afterwards by numbers 
- currently upto -67, It would be mom: logical to 
name the serogroups according to their 
characteristic O antigen factor numbers, rather than 
by letters. It has therefore been proposed to 
designate group A as 2, B as 4 r Cl as 7, 02 as S, D 
as 9 and so on. 

Within each group, differentiation ol serotypes 
is by identification of phase 1 and 2 flagellar 
antigens. The Kauffmann-White scheme gave 
species status to each serotype. The species were 
named according to the disease caused (S.rvphj), 
the animal source (S. ^nffinanuii)), the discoverer 
( S. SchotttiiuHeri), the name of the patient from 
whom the first strain was isolated (S. thompson), 
or the place of isolation (S. pooru). This was 
satkiactory so long as the serotypes were not too 
many but now wirh some 2400 serotypes u-f 
salmoncllae, giving individual names is not realistic. 

On the basis of biochemical reactions, 
Kauflmann proposed that sal monclUc be classified 


into four subgcncra (Table 32.3ji: 

Sufegentrs 1, the largest and medically the must 
important group contains all the species which 
commonly cause human and animal infections. 

Subgenus II contains mostly species isolated 
from reptiles. 

Submenu* HI contains bacilli, formerly 
designated Arizona, originally isolated from lizards 
but subsequently found in reptiles, birds, domestic 
animals and human beings. Many of them are 
prompt lactose fermenters. 

Submenus IV strains arc rarely encountered and 
may he considered atypical members of subgenus IL 

Ewing proposed that only three species should 
be recognised in the genus SiZmoneiAif-S. choferae- 
SUiSp S. typhi and S. eittermdk — aLI other species 
being considered serotypes of S. enteritklis. This 
proposal is now not followed- 

Table 32.3 Biochemical reactions ol Salmonella 


subgenera 


Test 


Subgrncra 


I 

li 

7V/ 

IV 

Lactose 

- 

- 

f 

- 

Dukitul 

+ 

4 

— 

— 

d-Tartrate 

+ 

— 

- 

— 

Ma Lunate 

- 

* 

Hh 

— 

SalLizm 

- 

— 

- 

+■ 

KCN 

- 

- 

- 

+ 
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Modern taxational ca! t L-e h n h pie, especial]}’ 
DNA studies, have shown that all the members of 
the genus Salmtmcll&t: and of the former genius 
Arizona. are so closely related that they should all 
be considered as belonging to a single species, in a 
genetic* phylogenetic and evolutionary sense. 
Variations in properties such as antigenic structure, 
biochemical reactions and host preferences 
exhibited by different strains can he considered 
intraapecies divergences. A new species name 
5", enterics has been coined to include all 
saimonellie, S, emetic* is classified into seven 
subspecies based on DNA-reassocialiun tests. 
These subspecies are named cnterica, salamac, 
aiizonaCf diorisonae* houtcnac, bongori and india , 
Subspecies emetic* corresponds to the former 
suhgenus 1. 

Such classification and nomenclature, white 
being taxonomic ally correct, would be too 
complicated for use in clinical bacteriology. For 
example, the tasonomically correct name for the 
typhoid bacillus would lit* 'Salmonella (Jitrhca, 
subspecies enteric a, serotype lyphi'. Therefore, the 
old practice of referring to clinically important 
salmoncllac serotypes by the species name continues 
in clinical bacteriology. 

Sometimes serotypes may have to be further 
differentiated. Thus, S. fpdhnarum and S. pulloruiii 
cannot be distinguished serologically hut they can 
be i den rifted by biochemical react ions. (6‘, 
galiinanitn is anaerogenic and ferments duldiol 
unlike S. puliorum). Important pathogens such a» 
5, lyphi, S. paratyphi A and B, and S. typhimurium 
can be further typed for cpidem ioiogscal purposes 
by phage susceptibility, biochemical properties, 
bacterociti production and antibiogram. 
Pathogenicity: SalmoneUae are strict parasites 
tjf animals or humans. S. typhi„ $. part typhi A and 
usually, hut not invariably S. paratvphi B art 
confined to human beings. Other salmoncllac are 
parasitic in various animals — domestic animals, 
rodents, reptiles — and birds. Some species are host 
adapted — S. abortus-cqni found only in horses* 51 


sborfus-nvrs in sheep and S, 

Others such as S. nphlmurrum, have a wide host 
range affecting animals, birds and humans. Infer Cion 
in animals may vary from an asymptomatic 
condition to fatal, and sometimes epizootic disease. 

S. typhimurium and S. enwritidis cause a fatal 
septicemia in rats and mice. S- pullonim causes 
"white diarrhea' in chicks and 5. gallrmttvm fowl 
typhoid. 

Salmoncllac cause the following clinical 
syndromes in human beitigsi (1) enteric fever 
(2) septicemia, with or without local suppurative 
lesions; and (3) gastroenteritis, or food poisoning. 

ENTERIC FEVER 

The term enteric fever includes typhoid lever 
caused by 5. rvpfo and paratyphoid fever caused hy 
S. paratyph i A, B and C, 

Typhoid fever was once prevalent a « er the 
world and was not well demarcated fro:■ ■ other 
prolonged fevers. A detailed study of the disease 
was presented by Bretoimeau (1826) who .!< ntitled 
the intestinal lesions. The name typhoid was given 
by Louis (1829) to distinguish it from typhus fever, 
Budd (1856) pointed out that the disease was 
transmitted through the excreta of patients. Eberch 
(1880) described the typhoid bacillus and Gafftcy 
(1884) isolated it in pure culture, Ik causative role 
was confirmed by Melchmknff and Besredka (1900) 
hy infecting apes experimentally, S. paratyphi A was 
isolated by Gwyn. (1898), §* paratyphi B (S. 
schormjuMen) by Achard and Rcnsaudr (1896) and 
S. paratyphi C (S, hirsch&idii) by Uhlenbuth and 
Huhener (1908) From cases resembling typhoid 
fever- 

The infection is acquired by ingestion. In 
human volunteer experiments, the IPS© was found 
to be about Iff to 1G 6 bacilli. On. reaching the gut, 
the bacilli attach themselves to microvilli of the 
ileal mucosa and penetrate to the lamina propria 
and submucosa. They arc phagocytnscd there by 
polymorphs and macrophages. The ability Du> resist 
intracellular killing and to multiply within these 
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cells is a measure of their virulence. They enter the 
mesenteric lymph nudes, where they multiply and, 
via the thoracic duct, enter the bloodstream. A 
trail*tent bacteremia follows f during which the 
bacilli are seeded hi the liiver, gall bladder,, spleen, 
hone m arrow, lymph nodes, lungs and kidneys, 
where further multiplication tak.es place. Towards 
the end cd the incubation period, there occurs 
missive bacteremia. from these Sites of 
multiplication, heralding the onset of clinical 
disease. 

As bile is a good culture medium for the 
bacillus, it multiplies abundantly in the gall bladder 
and is discharged continuously info the intestine 
where it involves the Fever’s patches and lymphoid 
follicles oi the ileum. These become inflamed, 
undergo necrosis anti slough off. Leaving behind 
the characteristic typhoid ulcers. Ulceration of the 
bowel leads to the two major complications of the 
disease - intestinal perforation and hemorrhage. 
During the 3-4 weeks that normally constitute the 
course of the disease, the intestinal lesions undergo 
healing. 

The incubation period is usually 7-14 days, but 
may range from 3-56 days and appears to be related 
to the dose of infection. The clinical course may 
vaty from a mild undifferentiated pyrexia (ambulant 
typhoid) to a rapidly fatal disease. The onset is 
usually gradual, with headache, malaise, anorexia, 
a coated tongue and abdominal discomfort with 
either constipation or diarrhea. The typical features 
are a step-ladder pyrexia, with relative bradycardia 
and toxemia, A soft, palpable spleen is a constant 
finding. I JcpatomegaJy is also common. 'Rose spots'" 
chat fade on pressure appear on the skin during the 
second or third week but ate seldom noticeable in 
dark skinned patients. 

The most important complications arc intestinal 
perforation, hemorrhage and circulatory collapse. 
Some degree of bronchitis or bronchopneumonia 
is always found,. Some develop psychoses, deafness 
or meningitis. Cholecystitis, arthritis, abscesses, 
peri osteitis, nephritis, hemolytic anemia, venous 


thromboses and peripheral neuritis are other 
complications found. Osteomyelitis is a rare sequel,, 

Convalescence is slow:. In about 5-10 per cent 
of cases, relapse occurs during convalescence- line 
relapse race is higher m patients treated early with 
chloramphenicol {15-20 per cent). 

S. paratyphi A and B cause paratyphoid fever 
which resembles typhoid fever but is generally 
milder. S. paratyphi C may also cause paratyphoid 
fever but more often it leads to a frank septicemia 
with suppurative complications. Other sahnonellae 
have on occasion been reported, to cause enteric 
fever. These have included S, duhhti, S. hnneUy. S. 

smdai. S- mt eriridfr, 5- typhimvrium, S- vastboume, 
5, saintpaul, S. oranienburg and S. panama. 
Infection, with Alkaligenes faecaik also may 
sometimes cause a similar clinical picture. 
I/.piilvniicili iifr: Typhoid fever has been, virtually 
eliminated from the advanced countries during the 
last several decades mainly as a result: of 
improvements in. water supply and sanitation but it 
continues to be endemic in the poor nations of 
the world. The control of paratyphoid fever has 
not be en so successful. The distribution of 
paratyphoid bacilli shows marked geographical 
differences. S, paratyphi A is prevalent in India and 
tether Asian countries. Eastern Europe and South 
America. S. paratyphi B in Western Europe, Britain 
and North America; and S. paratyphi C in Eastern 
Europe and Guyana. 

Enteric fever is endemic in all parts of India. 
An incidence of 980 per 100,Oil) was recorded in 
the late 1990s in a 5-year community based study 
of children in Delhi. Worldwide, 16 million cases 
are estimated to occur annually with 600,000 
deaths! The proportion at typhoid to paratyphoid 
A is about 10:1, Paratyphoid B is rare and C very 
fate. The disease occurs at all ages but is probably 
most com mon in the 5-20 years age group. The 
age incidence is related to the etkdemkity of the 
disease and the Level of sanitation. 

The source ol infection is a patient, nr far mote 
frequently, a currier. Patients who continue to shed 
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typhoid bacilli in teces for three weeks to three 
months after clinical cure are called conrafestwif 
attrkfik Those who shed the bacilli for truant than 
three months but less than a year are called 
'temporary camera' and those who shed the bacilli 
for over a year arc called 'chronic carnets'. About 
2-4 per cent of patients become chronic carriers. 
The development of the carrier state is more 
common in women and in the older age groups 
(over 40 years). Some persons may become carriers 
following in apparent infection (symptWflleSs 
exetetar). The shedding of bacilli is usually 
intermittent. The bacilli persist in {be gait bladder 
or kidney and are eliminated in the feces (fecal 
carrier) or urine (urinary carrier), respectively. 
UrirtaTy carriage i* less frequent and is generally 
associated with some urinary lesion such as calculi 
or schistosomiasis, 

Food handlers or cooks who became carriers 
are particularly dangerous, The best known of such 
typhoid carriers was Mary Mai Ion {‘Typhoid 
Mary*), a New York cook who, ewer a period of 15 
years, caused at least sever outbreaks affecting over 
200 persons, 

Carriers occur with paratyphoid bacilli also. 
While $. ptrutvphi A occurs only in human beings, 
S. paratyphi B can infect animals such as dogs or 
cows, which may act as sources of human disease. 

Typhoid fever occurs in two epidemiological 
types, The first is- endemic or residual typhoid that 
occurs throughout the year though seasonal 
variations may sometimes be apparent. The second 
is epidemic typhoid, which may occur in endemic 
or nonendemic areas. Typhoid epidemics are water, 
milk or fcodborne. 

I .uhoftttOr> diagnosis;: Bacteriological 
diagnosis of enteric fever consists of tire isolation 
of the bacilli from the patient and the demonstration 
of antibodies in bis serum, A positive blood culture 
k diagnostic, while the same significance cannot 
be attached to isolation from feces or urine. 
Demonstration of antibodies is not conclusive 
evidence of current infection- A third method is 


the demonstration of typhoid bacillus antigen in 
blood or urine. 

ouilLLi-t.-: Bacteremia occurs early in the 
disease and blood cultures are positive in 
approximately TO pet cent of cases in the first week 
of Fever. The popular belief that blood culture for 
diagnosis of typhoid fever is useful only in the first 
week is erroneous, Blood culture is positive in 
approximately 75 per cent of cases in the second 
week* 60 per cent in the third week and 25 per 
cent thereafter till the subsidence of pyrexia. Blood 
culture* rapidly became negative an treatment with 
antibiotics. 

About 5-10 ml of blood is collected by 
venepuncture and inoculated into a culture bottle 
■Containing 50—100 ml of 0.5 per cent bile hrafh. 
Blood contains substances that inhibit the growth 
of the bacilli and hence it is essential that the broth 
be taken in sufficient quantity to provide at least 
fourfold dilution of blood. The addition of liquoid 
(sodium polyanethul suJphonatc) counteracts the 
bacteric ukl action of blood. 

After incubation overnight at 37 ff C, the bile 
broth is subculture*! on MacConkey agar, Bale 
nonlactose fermenting colonies that may appear on 
this medium are picked out for biochemical tests 
and motility, Salmonellae will be motile ^ indole and 
urease negative and ferment glucose, mannitol and 
maltose but not lactose or sucrose, The typhoid 
bacillus will, be anaerogenky while paratyphoid 
bacilli will Form add and gas from sugars. 
Identification of ihe isolate is by slide agglutination. 
A loopful of the growth from an agar slope is 
emulsified in two drops of saline an a slide. One 
emulsion acts as a control to show that the strain is 
not aucoagglutinable. If S. ryphi ii suspected (that 
is h when no gas- is formed from glucose), a loopkil 
of typhoid O antiserum (factor 9/gTOUp D) is added 
to one drop of bacterial emulsion on the slide, and 
agglutination looked for after rocking the slide 
gently Prompt agglutination indicates that ihe 
isolate belongs to Salmonella group D. Its identity 
$$ S- ryphi is established bv agglutination with the 
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flagelkrantuemm (anti-d scrum). Quite often, fresh 
isols-tes of S', typhi arc in the V form and do not 
agglutinate with the O antiserum. Such strains may 
be tend'd for agglutination against anti-Vj serum. 
Alternatively, the growth is scraped oft in a small 
amounr of saline, boiled for 20 minutes and tested 
for agglutination with the Q anKseruni. Where the 
isolate is a nontyphaid Salmonella (producing gas 
from sugars), it is tested for agglutination with O 
and H antisera for groups A, B and C. For 
identification of unusual serotypes, the help of the 
National Salmonella Reference Centre should be 
nought, The National Salmonella Reference Centre 
in India is located at the Central Research Institute, 
KasauEi. The reference centre for salmoncllac of 
animal origin is at rhe Indian Veterinary Research 
Institute, Izarnagar. 

If salmoncllac are not obtained from the first 
subculture from bile broth, subcultures should be 
repeated every other day till growth is obtaioed- 
C ll! tLLrcs should he declared negative only alter 
incubation for ten days. To eliminate rhe risk o! 
introducing contamination during repeated 
subcultures, and also for economy aid safety, 
Castaneda's method of culture may be adopted, In 
this, a double medium is used. The bottle of bile 
broth has an agar slant on one side- After 
inoculation of blood, the bottle is incubated in the 
upright position. For subculture, the bottle is merely 
tiEted so that rhe broth runs over the surface of the 
agar. Jr is rcineubated in the upright position. If 
salmonella? are present, colonies will appear on 
the slant. 

An alternative to blood culture is the dot culture. 
Here, 5 ml of blood is withdrawn from the patient 
into a sterile test tube and allowed to clot. The 
sc turn is pipetted off and used for the Widal test. 
The clot is broken up with a sterile glass rod and 
added to a hcrttle of bile broth. The incorporation 
of streptokinase 000 units per ml) in the broth 
facilitates lysis of the clot. Clot cultures yield a 
higher rate of isolation than blood cultures as the 
bactericidal action of the serum is obviated. 


Another advantage is that a sample of scrum also 
becomes available. Even though agglutinins may 
be absent in the early stages of the disease, a Widal 
test provides a baselinc titre against wh ich the results 
of tests performed later may be evaluated. 

Keces culture: Salmoncllac am shed in feces 
Throughout the course of the disease and even in 
convalescence, with varying frequency. Hence fecal 
cultures ate almost as valuable as blood Cultures, in 
diagnosis. A positive fecal culture, however, may 
occur in carriers as well as in patients- The use of 
enrichment and selective media and repeated 
sampling increase rhe rate of isolation. Fecal culture 
is particularly valuable in patients on antibiotics as 
the drug docs not eliminate the bacilli from the 
gut as rapidly as it does from the blood. 

Fecal samples are plated directly on MacOonkev, 
IX’A and Wilson-Blaur media, The last is highly 
selective and should be placed heavily. On 
M acCnnkey and OCA media, salmoncllac appear 
Is pale colonies. On the Wilson- Blair medium, 
5. ryj-x/u' forms large black colonies, with a metallic 
sheen. $, paratyphi A produces green colonics due 
to the absence of H^S production. 

For enrichment, specimens are inoculated into 
one rube each of selenite and terratliionare broth, 
and incubated, for 12—1K hours before subculture 
onto plates, 

l fine culture: Salmoncllac are shed in the 
Urine irregularly and infrequently Hence urine 
culture is less useful than the culture of blood 
or feces, Cultures are generally positive only in 
the second and third weeks and then only in 
about 25 per cent of cases. Repeated sampling 
Improves the rate of isolation. Clean voided urine 
samples are centrifuged and the deposit inoculated 
into enrichment and selective media as for fecal 
culture. 

Other materials for culture: Isolation may 
be obtained from several other sources but they are 
not usually employed, Bone marrow culture is 
valuable as it is positive in most cases even when 
blood cultures are negative. C ulture of hi le obtained 
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by duodena] aspiration is usually positive and may 
be employed for the detection of carriers. Other 
materials which may yield isolation at times are 
rose spots, pus from suppurative lesions, GSF and 
sputum. At autopsy, cultures may be obtained from 
the gall bladder, liver, spleen aud mesenteric lymph 
nudes. 

Widal reliction: This is a test for the 
measurement of II and O agglutinins for typhoid 
and paratyphoid bacilli in the patient's sera. Two 
types of rubes are generally used for the test"~*a 
narrow tuhq with a conical bottom (DrcyeTs 
agglutination Tube) for the H agglutination, and 3 
short round, bottomed tube (Fclw tube) for the O 
agglutination. Equal volumes (0.4 ml) of serial 
dilutions of the scrum (from 1/10 to 1/640} and 
the H and O antigens ate mixed in Dreyers and 
Felix agglutination tubes,respectively,and incubated 
in a water bath at 37 *C overnight. Some workers 
recommend incubation at 50-55 "C for two hours, 
followed by overnight incubation at room 
temperature. Control tubes containing the antigen 
and normal saline are set to cheek for 
auroaggluti nation. The agglutination hires of the 
serum are read. H agglutination leads to the 
formation of loose, cotton woolly dumps, white 0 
agglutination is seen as a disclike pattern at the 
bottom ul the tube. In both, thu supernatant fluid 
is rendered dear. 

The antigens used In the test are the H and O 
antigens of S. typhi ami the H antigens ufS paratyphi 
A and R The paratyphoid O antigens are not 
employed as they cross-react with the typhoid O 
antigen due to their sharing of factor 12. The H 
agglutinahle suspension is prepared hy adding 0.1% 
formalin to a 24'hour broth culture or saline 
suspension of an agar culture. For preparing the O 
suspension, the bacillus is cultured on phenol agar 
(1:800) and the growth Scraped oil In 1 small 
volume of saline. Tt is mixed with 20 times its 
volume of absolute alcohol, heated at 40-50 U Q for 
30 minutes, centrifuged and the deposit resuspended 
in saline to the appropriate density. Chloroform 


may be added as. a preservative. It is important to 
use standard smooth strains for antigen preparation. 
The strains used usually ant the S. typhi 901, 'O' 
anti 'H' strains. Facb hatch of antigen should he 
compared with a standard. Readymade Widal kits 
of stained antigens available commercially are now 
widely used. 

The results of the Widal test should he 
interpreted taking into account die following; 

V. The agglutination titre will depend on the stage 
of the dise ase. Agglutinins usually appear by the 
end of the first week, so that blood taken earlier 
may give a negative result- The ritre increases 
steadily rill the third or the fourth week, after 
which it declines gradually. 

2. Demonstration of a rise in titre of antibodies, by 
testing two or more serum samples, is more 
meaninglii! than a single test. If the first sample 
is taken late in the disease, a rise may not be 
demonstrable. Instead, a fall in titre may he seen 
in some cases. 

3. The results of a single test should be interpreted 
with caution. It is difficult to lay down levels of 
significance though it is generally stated chat 
titres of 1/100 or more for O agglutinins and 1/ 
200 or more for H agglutinins arc significant. 
It is necessary to obtain information on the 
distribution of agglutinin Level? in 'normal sera' 
in different areas, 

4. Agglutinins may be present on account of prior 
disease, inapparent infection or immunisation. 
Therefore, the mere presence of agglutinin in 
the Widal test should not be taken as proof of 
typhoid fever. 

H agglutinins persist longer than 0 agglutinins. 
Serum from an individual immunised with TAB 
vaccine will generally have antibodies to 5, 
typhi, S. paratyphi A and B, while in case of 
infection antibodies will he seen only against 
the infecting species. 

5. Persons who have had prior infection or 
immunisation may develop an anamnestic 
response during an unrelated fever. This may 
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be differentiated by repetition of the test after a 
week. The anamnestic response shows only a 
transient rise, while in enteric few the rise is 
sustained. 

8. Bacterial suspensions used as antigens should be 
free from fimbria. False positive results may 
otherwise occur, 

7. Cases created early with chloramphenicol may 
show a poor agglutinin response. 

Other serological methods of diagnosis include 
indirect hemagglutination, C1B and ELISA. 

i JimorssriiATioN ui Gibci lat inl 
Antigen 

Typhoid bacillus antigens are consistently present 
in the blood in the early phase of the disease, and 
also in die urine of patients. The antigen can be 
demonstrated by sensitised Staphylococcal 
coagglutination teat. Staph aureus {Cowan I strain) 
which contains protein A, is stabilised with 
formaldehyde and coated with & i yphi antibody. 
When a 1% suspension of such sensitised 
staphylococcal cells is mixed on a slide with serum 
from patients in the first week of typhoid fever, the 
typhoid antigen present in the semm combines with 
the antibody attached to staphylococcal cells 
producing visible agglutination nothin two minutes- 
The test is rapid, sensitive and specific but is not 
positive after she first week of the disease. 

Olhur laboratory tests' A white cell count 
is useful. Lcucopcnia with a relative lymphocytosis 
is seen. Eosinophils are said to be absent but in the 
tropics,. with a high incidence of helminthic 
infestation, eosinophils are usually present, 

Diagnosis of t Iarribks 

The detection of carriers is important for 
epidemiological and public health purposes. 
Laboratory tests are also useful in screening food 
handlers and cooks to detect carrier state. 

The identification of fecal carriers is by isolation 
of the bacillus from feces or from bile., The 
frequency and intensity' of bacillary shedding vary 


widely and it is essential, therefore, to test repeated 
samples. Chol-agogue purgatives increase the chance 
of isolation. For the detection of urinary carriers, 
repeated urine cultures should be carried out. 

The Widal reaction is of no value in the 
detection of carriers in endemic countries. The 
demonstration of Vi agglutinins has been claimed 
to indicate the carrier state. While this is useful as 
a screening test, confirmation should be made by 
culture. 

The tracing of carriers in cities may be 
accomplished by the H sewer-swab h technique. Gauze 
pads left in sewers and drains are cultured, and by 
tracing positive swabs, one may be led to foe house 
harbouring a carrier. Another technique of isolating 
•sidmondial; from sewage is filtration through 
miMspore membranes and culturing the membranes 
on highly selective media such m Wilson and Blair 
media. 

8A iiT BKIOFH A ( . B T VF1 N (. 
Intraspecies classification of S. typhs for 
epidcnnokigicai purposes was made possible by 
bacteriophage typing, first developed byCraigie and 
Yen (1937).'They found that a bacteriophage acting 
cm foe Vi antigen of the typhoid bacillus [Vi phage 
11) was highly adaptable.The parent phage is called 
phag? A It could be made specific for a particular 
strain of typhoid bacillus by serial propagation in 
the strain. Such adaptation was obtained by 
phenotypic or genotypic variation. At present, 97 
Vi II phage types of $. r yphi are recognised. As 
phage typing of S. typhi depends on the presence 
of Vj antigens, a proportion of strains [Vi negative) 
will be Lmtypiible. The phage type is stable. Apart 
from, helping in tracing the source of epidemics, 
phage typing also provides information on the 
trends and patterns in foe epidemiology of typhoid 
at the local, national and international levels. Phage 
typing is carried out at the National Phage Typing 
Centres and .is coordinated by the International 
Reference Centre. The National Salmonella Phage 
Typing Centre for India is located at the Lady 
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Hardinge Medical College, New Delhi, Phage 
types A and El are the most common and are 
present throughout India, However, the relative 
prevalence in different regions is subject to change 
from ti me to rime. 

The preponderance of one or two phage types 
in a region limits the utility of phage typing as 
an epidemiological tool, Additional markers 
have, therefore, been employed for the subdivision 
of strains belonging to a phage type. These include 
(I) Nicoile's complementary phage typing of 
type A strains into 10 types- (3) Kristenscns 
biotyping based on fermentation of xylose and 
arabinose; (3) production oftetjathionate reductase; 
(4) bacteriocin production; and (5) antibiogram. 

Currently, more discriminating ge notyping 

methods like phasmid finger printing, multi locus 
enzyme electrophoresis, IS-200 profiling and 
random amplified polymorphic DNA analysis have 
been employed for eplde miuLugical characterisation 
in advanced centres. 

Phage typing has been applied also to $- paratyphi 
A and B, S. typhitmirhim, S. cntcritidis and S. 
dubiim. Among the 5. paratyphi A isolated from 
India, phage types 1 and 2 are the most common. 
Prophylaxis: Typhoid fever can be effectively 
controlled by general measures, such as 
improvements in sanitation and provision of 
protected water supply. Many developed countries 
have been able to eliminate the risk by these 
measures, but occasional outbreaks do appear due 
to unforeseen lapses. 

Specific prophylaxis with heat killed typhoid 
bacillus vaccine was developed and successfully field 
tested by Almroth Wright during the finer war in 
South Africa, The TAB vaccine which came into 
general use later contained S. i jphi t 1000 million 
and 5. paratyphi A and II, 750 million each per ml 
killed by beating at 50-60 °C and preserved in 
0,5 % phenol. 

The use of polyvalent TAB vaccine was an 
accident of history. It was introduced in that form 
in World War I, is British troops bad to serve in 


various parts of Europe, Africa and Asia where 
typhoid and paratyphoid fevers were endemic. No 
controlled field trial has been conducted with the 
TAB vaccine. In civilian practice, protection is 
mainly required against typhoid fever. If paratyphoid 
components are considered necessary either A or 
ft may be added, but rot both, as only one of them 
is found in any one area.Therefore, in India, instead 
of the TAB vaccine, a divalent typhuid-^paratyphoid 
A vaccine {eliminating paratyphoid B which Is Very 
rare in the country) or the monovalent typhoid 
vaccine is preferred- 

Thc vaccine is given in two doses of 0.5 ml 
subcutaneously at an interval of 4-6 weeks. Local 
and general reactions lasting for one or two days 
are quite frequent. Such reactions may be avoided 
if the vaccine is administered in a dose of 0-1 ml 
intradermally. In nonendemic areas, vaccination is 
recommended for troops, medical and paramedical 
personnel. In endemic areas vaccination is 
recommended for all children, in whom a sin gle 
dose might give adequate protection, which may 



Flg.32.3 Laboratory diagnosis of typhoid lever. The 
approximate percentages of tests found positive 
during different stages ol the disease dram 1st to 
5lh week), A. Widal agglutination. 8, Feces culture. 
C. Blood culture. 
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be maintained far several years hv the booster effect 
of repeated natural subclinicaJ infections. 

Two new typhoid vaccines, one oral and the 
other injectable, have heen introduced after 
successful field trials.'Hie live oral vaccine (fj^oraJ) 
k a stable mutant of 5. typhi strain Ty2 la, lacking 
the enzyme t JDP>galacro5e-4-cp5merasc (Cal E 
mutant). On ingestion, it initiates infection but‘self 
destructs' after Four or five cell divisions, and 
therefore cannot induce any illness. The vaccine lh 
an enteric coated capsule containing 10’viable 
lyopbiliscd mutant bacilli. The course consists of 
one capsule orally, taken an hour before fcKjd, with 
a glass of water or milk, on days l, 3 and 5, No 
antibiotic should be taken during tin* period. 

The injectable vaccine (ri-phim-Fi) contains 
purified Vj polysaccharide antigen (25 pgper dose) 
from 5. i}'phi strain Ty2. It is given as a single 
subcutaneous or intramuscular injection, which 
causes only minimal local reaction. 

Both these vaccines are recommended only in 
those over five years of age, the same dose being 
used tor children and adults. In both cases 
protection is stated to commence 2-3 weeks after 
administration and lasts for at least three years, after 
which a boetster may be given. Roth the vaccines 
are effective and only their relatively high cost standi 
in the Way of their wider use. 

Typhoid hacilli are primarily intracellular 
parasites, and cell mediated immunity rather than 
humoral antibodies may be more relevant in 
protection against the disease. Cell mediated 
immunity develops during the course of the disease. 
Cellular immunity to the typhoid bacillus is 
common in populations in endemic areas. Absence 
of CM I has been claimed ro indicate susceptibility. 
The killed vaccines currently used do not stimulate 
CML 

Treatment: Specific antibacterial therapy for 
enteric fever became available only in 1948 with 
the introduction ut chloramphenicol, which 
Continued as the sheet anchor against the disease 
fill the 1970s when resistance became common. 


Though $ r typhi is susceptible in vitro to many 
antibiotics such as streptomycin and tetracydine, 
these are ineffective in vivo. Ampicillm, amoxycillin, 
furazolidone, and cotrimuxaiDle were the other 
drugs that had been found useful in the treatment 
of Typhoid fever. 

While antibacterial therapy has been so effective 
in the treatment of cases, it has been disappointing 
in the treatment of carriers, A combination of 
antibacterial therapy along with the vaccine has 
been tried in the eradication of carrier state. This 
combination has also been used to prevent relapses. 
Elimination of the carrier state may require hemic 
measures such as cholecystectomy, pyelolifhotomy 
or nepb recto my. 

Drug resistance Though occasional resistant 
strains had been identified in the laboratory, 
resistance to chloramphenicol did not pose any 
problem in typhoid fever till 1972, when resistant 
strains emerged in Mexico and in Kerala (India). 

In Mexico, the: resistant strain caused an explosive 
epidemic, with High mortality. Travellers who got 
infected in Mexico bad, on occasion, conveyed the 
resistant strain to North America and Europe but 
it did not get established in these areas. 
Chloramphenicol resistant typhoid fever has 
become a problem in many countries in Asia. 

In India, chloramphenicol resistant typhoid fever 
appeared in epidemic form first in Calicut (Kerala) 
in early 1972. It became endemic and was confined 
to Kerala till 1978. Subsequently such Strain? 
carrying drug resistance plasmids appeared in many 
other parts of India. Though resistant to 
chloramphenicol, such strains were initially 
sensitive to ampicillin, amoxycillin, cotnmoKizak 
and furazolidone, which were successfully used for 
treatment. By late 19Sfls, typhoid bacillus Strains 
resistant to many or all of these drugs began to 
spread in most parts of India. At present, the drugs 
useful in treatment of such multi resistant typhoid 
cases are the later fluoroquinolones (such as 
ciprofloxacin, pefloxacin, oflaxacin) and the third 
generation cephalosporins (such as ceftazidime, 
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ceftrioxone* cefotaxime), Furazolidone is still active 
against most isolates but its action is too slow for it 
to be used alone in treatment. Recendy many strains 
have become resistant to fiuoraquinolones* but 
several isolates of typhoid bacilli are now sensitive 
to eldoramphefticol. 

SALMONELLA GASTROENTERITIS 

Salmonella gastroenteritis (more appropriately 
enterocolitis) or food poisoning is generally a 
zoonotic disease, the source of infection being 
animal products. It maybe caused by anysalmonella 
except S. syphi. The first instance of s alm onella food 
poisoning to have been identified was in 1889, 
when Centner in Gene any isolated a bacillus (S. 
entcritidis} from the meat of an emergency- 
slaughtered cow and from the cadaver of a fatal 
case of food poisoning caused by the meat. In 1898, 
Durham in England and de Nobele in Belgium 
isolated S. ty-phimurium from meat and from food 
poisoning cases. Avery large number of salinonellae 
have since been identified from cases of 
gastroenteritis and food poisoning but a few 
species account for the majority of cases, in most 
parts of the world* S. lyphimurium is the most 
common species. Sonic other common species have 
been S. enteritidis, S. haldar? S. heiMbag, S. agrjos, 
S. vifehu irf r S. tcftetlb&gt S. indiana, S. newpart 
and S. anatom. 

Human infection results from the ingestion of 
contaminated food, The most frequent sources of 
salmonella food poisoning are poultry* meat, milk 
and milk products. Of great concern are eggs and 
egg products. Salmonellae can enter through the 
shell if eggs are left on contaminated chicken feed 
or feces* and grow inside. Human carriers do occur 
but their role is minimal when considered in 
relation to the magnitude oftnfection from animals. 
Even salads and other uncooked vegetables may 
cause infection if contaminated through manure or 
by handling- Food contamination may also result 
from the droppings of rats, lizards or other small 


animals, Gastroenteritis may occur without fond 
poisoning as in cross infection in hospitals. 

Clinically, the disease develops after a short 
incubation period of 24 hours or less* with diarrhea* 
vomiting, abdominal pain and fever. It may vary in 
severity from the passage of one or two loose stools, 
to an acute cholera-like disease. It usually subsides 
in 2-A days but in some cases a more prolonged 
enteritis develops, with passage of mucus arid pus 
in feces, resembling dysentery- In a few, typhoidal 
of septicemic type of fever may develop, 

Laboratory diagnosis ls made by isolating the 
salmonella from the feces. In outbreaks of food 
poisoning, the causative article of food can often 
be identified by taking a proper history. Isolation 
of salmonellae from the article of food confirms 
the diagnosis. 

Control of salmonella food poisoning requires 
the prevention of food contamination, Food may 
become contaminated at various levels* from natural 
infection in the animal or bird* to contamination of 
the prepared food, Proper cooking of food destroys 
salmonellae. 

While enteric fever is a major problem only in 
the developing countries, salmonella food poisoning 
is largely a problem for the developed nations, "Iliis 
is due ro the differences in food habits and living 
conditions between them and also because food 
production, packaging, storage acid marketing have 
become industries in the rich countries while they 
still remain agricultural in, the developing world. 

Treatment of uncomplicated, noninvasivt 
salmonellosis is symptomatic. Antibiotics should 
not be used. Not only do they not hasten recovery 
but they may actually increase the period of fecal 
shedding of the bacilli. But for the serious Invasive 
cases, antibiotic treatment is needed. 

SALMONELLA SEPTICEMIA 

Certain salmonellae* 5, dtdEnesiur In particular, 
may cause septicemic disease with focal suppurative 
lesions, such as osteomyelitis, deep abscesses, 
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endocarditis, pneumonia and meningitis. Antecedent 
gastroenteritis may or may nut be present. The case 

fatality may be as high as 25 per cent. 

Salmonellae may be isolated front the blood or 
from the pus from the suppurative lesion, Feces 
culture may also sometimes be positive, Septicemic 
salmonellosis should be treated with 

chloramphenicol or other appropriate antibiotics 
as determined by sensitivity tests, 

MULTI RESISTANT SALMON EL LAE 

R factors conferring multiple drug resistance have 
become widely disseminated among salmonellae. 
The clinical •significance of this phenomenon was 
first observed during the studies of human and 
veterinary infections with drug lesisranr 


Srtyphimuiium phage type 29 in England in the 
19fit)s. Human infections were initially gastro - 
enteritis due to spread from infected animals, through 
food. Subsequently, some salmonellae appear to have 
changed their ecology in some ways, From being 
responsible for zoonotic infections only as in the past, 
some multiresisiant salmonellae have now become 
important agents -of hospital cross infections. Such 
nosocomial salmonellosis manifests particularly in 
neonates as septicemia, meningitis and suppurative 
lesions. Diarrhea may not always be present. 

In India, several hospital outbreaks of neonatal 
septicemia caused by multiresistanr salmonellae 
have occurred in recent years. Mortality in neonates 
is, very high unless early treatment is started with 
antibiotics to which the infecting strain is sensitive. 
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Vibrio 


Vibrios are Gram negative, rigid, curved rods that 
arc actively motile by means of a polar flagellum, 
The name 'vibrio' is derived from the characteristic 
vibratory motility [ from rifcnur, meaning to vibrate). 
They are asporogenous and noncapsulated- Vibrios 
are present in marine envjrnnmcnts and surface 
waters worldwide. The most important member of 
the genus is Vibrio cbo/crae, the causative agent of 
cholera. It was first isolated bv Koch from 

cholera patients in Egypt, though it had been 
observed earlier by Pacini (11154) and others. 

VIBRIO CHOLERAE 

M^rpholoftyt The cholera vibrio is a short, 
curvedj cylindrical rod, about 1.5 pm * 0.2HI4 
pm. in srze,, with rounded or slightly pointed ends. 
The cell is typically comma shaped (hence the old 
name V. comma) bur the curvature is often Itret on 
subculture. S-shaped or spiral forms may be seen 
due to two nr more cells lying end to end. 
Pleomorphism is frequent in oldcultures. In stained 
films of mucous flakes from acute cholera cases, 
the vibrios are seen arranged in parallel rows, 
described by Koch as the ‘fish ifl sircar o' appearance. 
It is actively motile, with a single sheathed polar 
flagellum. The motility is of the darting type, and 
when acute cholera stool nr a young culture is 
racamiried under the microscope, the actively motile 
vibrios suggest a 'swarm of gnats’. The vibrios stain 
readily with aniline dyes and are Gram negative 
and non-acid fast (Fig, 33,1). 
flu I tu ml ohsiriicteriaticit: The cholera vibrio 
is strongly aerobic, growth being scanty and slow 
anaerobically. It grows within a temperature range 


of 16-40 ' n C (optimum 37 ^C). Growth is better in 
an alkaline medium the range of pH being p.4—9.6 
(optimum S.2). HaCl (0.5-1%) is required for 
optima] growth though high concentrations (6% 
and above) arc inhibitory. 

It grows well on ordinary media. On nutrient 
agar, after overnight growth, colonies are moist, 
translucent, round discs, about 1-2 mm in diameter, 
with a bluish tinge in transmitted light-"I be growth 
has a distinctive odour. On MacCcmkeyn agar, the 
colonies are colourless at firsl but become reddish 
on prolonged incubation due to the late 
fermentation of lactose. On blood agar, colonies 
are initially surrounded by a zone of greening. 



Fig. 33.1 A, Cholera vibrios. Right - Gram slain. Left 
- Flagellar stain showing single polar flagellum, 
B. Electron micrograph Showing single polar 

flagellum jit 1600) (ScurM: AN GhO&h, Ml CEDI 
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which Later becomes clear due to hemndigestion. 
In gelatin stab culture, infundibuliform (funnel- 
shaped) or napthinr: (turnip-shaped) liquefaction 
occurs in three days at 22 ^C, In peptone water, 
growth occurs in about six hours as a fine surface 
pellicle, which on shaking breaks up into 
membranous pieces. Turbidity and a powdery 
deposit develop on continued incubation. 

A number of special media have been employed 
for the cultivation of cholera vibrios. They may He 

■ r 

classified as follows: 

Holding fir transport media: (1) Venkat- 
tatnan-Ramalcrishnan (VR) medium: A simple 
modified form of this medium is prepared by 
dissolving 2(1 g crude sea salt and 5 g peptone in 
OtiC litre of distilled water and Rusting; the pH to 
K .6^8.8. It is dispensed in sercwcappcd bottles in 
10-1$ ml amounts. About 1-3 ml stool is to be 
added to each bottle, In this medium vibrios do 
not multiply but remain viable for several weeks. 
(2) Cary^Rlair medium: This is a buffered solution 
of sodium chloride, sodium rhioglycn Elate, 
disodium phosphate and calcium chloride at pH 
8.4, It LS a suitable transport medium for Salmonella 
and Shigella as well as for vibrios. (3) Autoclaved 
sea water also serves as a holding medium. 
Enrichment; media: (1) Alkaline peptone water 
at pH 6.6; (2) Monsur’s taurocholate tellurite 
peptone water at pH 9.2. Both these arc good 
transport as well as enrichment media. 

Mating media: (I) Alkaline bile salt agar {RSA} 
pH 6.2: This simple medium has ■h&kkI the test of 
time and is still widely used. The colonies are similar 
to those on nutrient agar. (2) Monsur's gelatin 
taurocholate tryptic ase tellurite ai^r(CHTA) medium: 
Cholera vibritw produce small, translucent colonics 
with a greyish blade centre and a turbid halo. The 
colonics become 3-4 mm in sbse in 46 hours. (3) 
rCBS medium: This medium, contain ing thiosulfate, 
citrate, bile salts and sucrose, is available commercially 
and is very widely' used at preset]!. Cholera vibrios 
produce large yellow convex colonics which may 
become green on. continued incubation. 


Vibrio colonics maybe identified by the 'string 
test’. A loopful of the growth is mixed with a drop 
of 0.5% sodium dcoxyebolate in saline on a slide. 
If the test is positive, the suspension loses its 
turbidity, becomes mucoid and forms a‘string'when 
the loop is drawn slowly away from the suspension. 
Biochemical reactions: Carbohydrate 
metaWism is fermentative, producing acid, but no 
gilS, Cholera vibrios lerment glucose, mannitol, 
maltose, mannose and sucrose but not inositol, 
arabinosc, or lactose, though lactose may be split 
very slowly. Indole is formed and nitrates arc 
reduced to nitrites. These two properties contribute 
to tfie "cholera red reaction' which is tested by 
adding a few drops of concentrated sulphuric acid 
to a 24-hour peptone water culture. With cholera 
vibrios, a reddish pink colour is developed due to 
the formation of nirroso-indole, Catalase and 
oxidise tests ate positive, IVlerhyE red and urease 
tests arc negative. Vibrios- decarboxyLtc lysine and 
ornithine but do not urllise arginine. Gelatin is 
liquefied. Vibrios elaborate several eua-ymes 
including coll age rase, dastase, chitinasc, 
nucleotidase, deesriroxylase, lipase, mueinasc and 
neuraminidase (receptor destroying enzyme). 
Resistance: Cholera vibrios are susceptible to 
beat, drying and acids, hut resist high alkalinity'. 
They' are destroyed at 55 °C in 15 minutes. Dried 
on linen or thread, they survive for 1-3 days but 
die in about three hours on cover slips, Survival in 
water is influenced by its pH h temperature, salinity, 
presence of organic pollution and other factors. In 
general, the El Tor vibrio survives longer than the 
classical cholera vibrio. In the laboratory, vibrios 
survive fir months in sterile set water, and this Iras 
been suggested as a method lur the survival ot vibrios 
in nature. In grossly contaminated water, such as the 
Ganges water of India, the vibrios 4) rot survive for 
anv length of rime, due to die apparently large amounts 
of vibriophiges present. They survive in clean tap 
water fur thirty days. In untreated night soil, they may 
survive for several days, Vibrios are susceptible to the 
common disinfectants. 
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On fruit*, they survive for 1^5 days at room 
temperature and for a week in tke refrigerator. In 
general, FchhI materials left at mom temperature do 
nor act as an important source of infection for longer 
than a day or two but rbo&e stored in the cold may 
harbour vibrios for more than two weeks. 

They are killed in a few minutes in the 
gastric juice of normal acidity hut they may survive 
for 24 hours in achlorhydric gastric juice. 

Cl ns si fit; at ion: In the pasr, many OKidnsc 
positive, motile, curved rods were rather loosely 
grouped as vibrios. Precise criteria have been laid 
down for differentiating vibrios from related genera 

(Table 33.1), 

Heiberg (1934) classified vibrio* into si* group* 
based on the fermentation of mannose, sucrose and 
arahinose. Two more groups were added later, 
Cholera vibrios belong to Croup I (Table 33.2). 

A serological classification was introduced by 
Gardner anti Venkatraman (1935), Cholera vibrios 
and biochemically similar vibrios, possessing a 
common flagellar (H) antigen were classified as 
Group A vibrios, and the rest as Group B vibrios 
comprising a heterogeneous collection. Based on 
the major somatic (Q) antigen. Group A vibrios 
were classified into ^subgroups (now called O 
semigroups or SMOVars), 139 of which arc currently 
known (Table 33.3), All isolates From epidemic 
cholera (till 1992) belonged to semigroup 0-1. 
Therefore in the diagnostic laboratory group 0-1 
antiserum (commonly called 'cholera 
nondifferential serum 1 ) came to be used for 
identifying pathogenic cholera vibrios (which are 
referred to as '•gghitimble vibrios'). Other vibrio 
isolates which were not agglutinated by the 0-1 
antiserum came to he called nori^gAt finable or 
MAG vibrios. They were considered nonpathngcnic 
and hence also called avnehokra vibrios (NCV). 

Both these term* are not strictly appropriate. 
Though MAG vibrios are not agglutinable bv the 
0-1 antiserum, they arc readily agglutinated by their 
own antisera. The term nuncholera vibrio is not 
correct as some of them can cause a disease clinically 


indistinguishable from cholera. However, by and 
large, MAG vihrios were nnnpathogenic and 
commonly isolated from environmental source* and 
healthy human intcstircs- 

While all isolates front epidemic cholera 
belonged to group 0-1, not all members of the 
group were capable of causing clinical cholera.. The 
first such members which acquired prominence 
were the vibrios isolated by Gotlschlicb (1905) 
from sis Haj pilgrims who died at the Tor 
quarantine station on the Sinai Pen insula. They bad 
died not from cholera but from dysentery or 
gangrene of the colon. These came to be called the 
El Tor vibrios. They were identical to cholera 
vibrios in all laboratory tests except that they were 
hemolytic to -sheep erythrocytes and gave a positive 
Vogcs-Proskauer reaction. As the El lor vibrios 
were subsequently isolated from water sources and 
normal human intestines, they were considered to 
be nnnputhogenic. In 1937, El Tor vibrios were 
recognised as endemic in Celebes (Sulawesi), 
Indonesia, causing a cho1crair disen.sc (pgracholera). 
However, outside this endemic area, El Tor vibrios 
were considered nonpathogenie. 

The situation changed in 1961 when El Tor 
vibrios gave rise Iro the seventh pandemic of 
cholera. Besides increased virulence and 
invasiveness, the pandemic El Tor strains showed 
altered laboratory reactions. The new El Tor strains 
were often nonhemolytic and V—P negative, New 
differentiating properties were defined such as chick 
cell agglutination, polymyxin sensitivity and phage 
susceptibility tests (Table 33-4). It was accepted 
that El Tor vibrios were indeed cholera vibrios, 
which contained two brorypes, the old or 'classical' 
cholera vibrios, and the El Tor vibrios. 

Based nr minor surface antigenic characteristics- 
both classical and El Tor biotypes of cholera vibrios 
were classified into three serotypes, Ogawa, Inaba, 
and Hikojima (Table 33.5). The Ogawa and Inaba 
strains are agglutinated by their own respective 
specific sera only, while the Hikojima strains arc 
agglutinated by both Ogawa and Inaba antisera. 
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Table 33.1 Differentiation of vibrios from allied genera 


(rf/J [ff 

(Hugh -Liefofi Test) 

UtUktOM of ffmrmiarids Soirl^ terr 

Oxidation 

Fermentation 

Lysine 

Ananlne 

Ornithine 

Vibrio 

4- 

+ 1 

-i- 

— 

+ t 

Aerumunas 

+ 

*2 

- 

+ 

V 

Pseudomonas 


- 

V 

V 

V 

Plcsiomonss 

■f 

4 

* 

+ 

+ , - 

l 


Note 2 1 ■ no gas produced; 2 ■ gas may or may nor ho produced; V = reaction variable. 


There is nn difference in pathogenicity between 
the three serotypes. Serotyping is only of 
epidemiological significance. 

The non-01 vibrios (the so called NAG vibrios) 
have been classified into many serogroups, currently 
uplo 139. The latest sera-group 0-139, identified 
in 1992 causes epidemics of cholera, emphasising 
that they can no longer be considered as non cholera 
vibrios. 

Modern taxonomical criteria,, particularly 
DNA studies, have led to the recognition that all 
the cholera vibrios that belong to Gardner and 
Vcnkatraman's group A and share similar 
biochemical properties and a common H antigen 
are so closely related that they constitute a single 
species Vibrio choleric which can be classified 
into senogruups (or serovLir.ij, bio types and serotypes. 
Accordingly the present nomenclature will be 
indicative of all these features, as lor example, 
V. cholerst setwar 01, biotype El Tor, serotype 
Ogawa, 


Further classification car be made by phage 
typing. Phage typing schemes have been 
standardised for classical and El Tor biotypes as as 
well as for 0-139 vibrios. New molecular methods 
like ribotyping have added farther refinements to 
strain typing. 

CHOLERA 

Cholera is an acute diarrheal disease caused by 
V cWerac, In its most severe form, cholera is a 
dramatic and terrifying illness in which profuse 
painless watery diarrhea and copious effortless 
vomiting may lead to hypovolemic shock and death 
in less than 24 houra. In created cases, the disease 
may last 4-6 days, during which period the patient 
may pass a total volume of liquid stool equal to 
twice his body weight. All the clinical features of 
severe cholera result from this massive loss of fluid 
and electrolyte*. The cholera stool is typically a 
colourless watery fluid with flecks of mucus, said 
to resemble water in which rice has heen washed 


Table 33.2 Heiberg grouping of vibrios 


Group 


h’ennen fa tion of mannose 


Sucrose 


Arabrnose 


I 

n 

III 

IV 

V 

VI 
V1J 
VTU 


A 

A 

A 

A 


A 

A 

A 
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A 

A 
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VIBRIO 

Croup A 
Chakra vibrios 
Biochemical similarities; 

Common H antigen 
( Vikfift I'-hi.'iict-li) 


Group B 

Biochemically and 
an rigenicallY 
hereroge nenus 


O SUBGROUPS 

(SEROGROUPS) ; 

SEROVARS) 

01 

BIOTYPES 'I 

(Criteria Lifted l 
in I able 3.1.4) j 

r 

• Classical’ “DIW 


SEROTYPES Ojpwa Inaba Hikojima 



Non-dl CcuTTeriKly up(Q 0-13) 


13,3 Gardner and VcnKatraman $ classification 


I^UpdaCedl 


{hence trailed 'rice water stools'). It has a 
characteristic inoffensive sweetish odour. In 
composition it is a bicarbonate-rich isotonic 
electro solution, with little protein. Its 
outpouring leads to diminution of extracellular fluid 
volumes, hemtivonventraiioTn hypokalemia, base- 
dcficit Acidosis and shock. The common 
complications are muscular cramps, renal failure, 
pulmonary edema, cardiac arrhythmias and paralytic 
ileus. The clinical severity of cholera varies widely, 
from she rapidly fatal disease to a transient 
asymptomatic colonisation of the intestine by the 
vibrios. The incidence of mild and asymptomatic 
infections if more with El Tor vibrios than with 
the classical cholera vibrios. 

The incubation period varies from less than 
24 hours to about five davs, The clinical illness 


may begin slowly with mild diarrhea and vomiting 
in I— 3 days or abruptly with Hidden massive 
diarrhea. 

Pathogenesis: Natural infection with cholera 
occurs only in humans and not in animals. A number 
of animal models have teen developed which have 
helped in understanding the pathogenic 
mechanisms in cholera. The first of these was the 
rabbit ileal loop model ofDe and Chattccyce {1953). 
Injection of cholera culture of culture filtrate into 
the ligated ileal loop caused fluid accumulation ami 
ballooning. Intestinal loops of many other animals 
and also of chickens have been shown to behave in 
a similar manner. Dutia and Habbu (1955) showed 
that a fatal diarrhea could be induced in infant 
rabbits infected with vibrios peronlly or 
intratritesfinally. Sack and Carpenter (It966) 


Copyrighted material 



310 


i TexllPQok al Microbiology * 


introduced the canine model Cogs infected with 
cholera vfbrios through a stomach tube, after 
adminis,tration of -sodium bicarbonate developed 
diarrhea and vomiting, usually ending in death. 

In human infection, the vibrios enter orally 
through contaminated water or ftjod. Vibrios are 
highly susceptible to acids, and gastric acidity 
provides an effective barrier against small doses of 
cholera vibrios. It has been shown that 1G 4 
pathogenic vibrios administered to fasting 
normochlorhydric volunteers, with out food or 
buffer, did not product infection, while the same 
dose given along with food or sodium bicarbonate 
caused clinical cholera in 80“ 100 per cent of them. 
Achlorhydria predisposes to cholera in the field. 

In the small intestine, vibrios ary enabled to cross 
the protective layer of mucus, and reach the epithelial 
cells by chcmotaxis, motility, mud nave and Other 
proteolytic enzymes, A hemagglutinin-protease 
(formerly known as ‘cholera lectin') cleaves mucus 
and fibtonecrin- It also helps in releasing vibrios 
hound to bowel mucosa, facilitating their spread to 
other parts of the intestine and also their fecal 
shedding. Adhesion to the epithelial surface and 
colonisation may He facilitated by special fimbria 
such as the 'toxin CO-regulated pilus' (TCP). 
Throughout the couisr of infection, the vibrios 
remain attached to the epithelium but do not 
damage or invade the cells. The changes induced 
are biochemical rather than histological- 

Vibrios multiplying on the intestinal epithelium 
produce a toxin (eholeragert, cholera illttrotoxill, 
cholera toxin, CT, or CTX) which is very similar 
to the heat labile toxin (LT) of £L c&U in structural, 
chemical, biological and antigenic properties;, 
though CT is far more potent than Iff in biological 
activity. CT production is determined by a 
filamentous phage integrated with the bacterial 
chromosome. It can also replicate as a plasmid 
which can be transmitted ro nontoxigenic strains, 
rendering them toxigenic, CT, TCP and other 
virulence factors arc regulated by the TracR gene 
product, ToxR protein. 


Table 33.4 DfMerc-nliatlon between classical 
cholera and El Tor vibrios 


TWt Qmfad choiert El Tor 


Hemolysis 
Voges-Proskaue r 
Chick erythrocyte 
aggluri nation 
Polymyxin B 
sensitivity* 

Group IV phage 
susceptibility' 

El Tor phage 5 


* Strains isolated after 1%1 give variable results; 

t JO i. u. disc. 


Table 33.5 0 serotypes Of cholera vibrios 

Serotype 

O Mfijjrfli 

OgaWl 

AB 

Inaba 

AC 

Hikpjinu 

ABC 


The toxin molecule, of approximately 84,000 
MW consists of one A and 5 B subunits. The B 
(binding) units attach to the GM. ganglinside 
receptors on the surface of jejunal epithelial cells. 
The A (active) subunit, on being transported into 
the enterocytc dissociates into two fragments A 3 
and A ,. TTie A fragment only links the biologically 
active A, to the B subunit.The Al fragment causes 
prolonged activation of cellular adenylate eyelate 
and accumulation of cAMl 1 , leading to outpouring 
into the small intestinal lu men, of large quantifies 
of water and electronics and the consequent watery 
diarrhea. The fluid secreted lh Isotonic with plasma 
but contains much mote of potassium and 
bicarbonate. 'The toxin also inhibits intestinal 
absorption of sodium and chloride. All clinical 
manifestations and complications In cholera result 
from the massive water and electrolyte depletion 
thus caused. 

CT also exhibits other biological effects which 
car be used for its detection and estimation. These 
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include activation oflipolyris in rat testicular risque, 
elongation of Chinese hamster ovary (CHO) cells 
in culture and histological changes in adrenal 
tumour (Yj) cell culture and vero cells. It also 
increases skin capillary permeability, and so has been 
called the 'permeability factor’ (PF). It can be 
demonstrated by the skin blueing test' when CT is 
injected antradennally in rabbits or guinea pigs and 
pontaminc sky blue injected intravenously 
af ter w ar ds, the site of toxin Injection becomes blue. 
CT can, also be estimated by ELISA. CT is 
antigenic and induces production of neutralising 
antitoxins. CT can be toxoided. 

Cholera vibrios also possess the 
lipopoiysaccbaride O antigen (EPS, endotoxin), as 
in Gram negative intestinal bacilli,This apparently 
plays no role in the pathogenesis of cholera but is 
responsible for the immunity induced by killed 
vaccines. It may cause the fatal illness produced 
experimentally by peritoneal inoculation in mice. 
Epidemiology: Cholera can occur in many 
forms - sporadic, endemic, epidemic or pandemic, 
India, more specifically the large deltaic area of 
the Canges, and Brahmaputra in Bengal, is its 
homeland, where it has heen known from very 
indent times, dill early in the nineteenth century, 
cholera was virtual!v confined to India, periodically 
causing large epidemics in different parts of the 
country, 

J 

From 1ftl7 To 1923 cholera vibrios had spread 
from Bengal, in six separate pandemic waves, 
involving most parrs of the world. It was largely 
due to the threat of pandemic cholera that 
international health organisations came into being. 
After the end of the 6th pandemic in 1923, till 
1961 the disease remained confined to its endemic 
areas, except tor an isolated epidemic in E 3QT l in 

1947, 

The seventh pandemic originated from Sulawesi 
(Celebes), Indonesia, in 1961 when the El Tor 
vihrios which had been smouldering there for many 
decades suddenly became more virulent. After 
spreading to Hongkong and the Philippines, it 


spread steadily westwards, invading India in 1964. 
By 196b t it had spread throughout the Indian, 
subcontinent and West Asia, In the 1970s the 
pandemic extended to Africa and pans of Southern 
Europe. 

Curing the course of the pandemic, the vibrios 
had invaded affluent Countries also. In. the 1970s 
small outbreaks had occurred in Queensland, 
Australia and the Gulf Coast in the USA from 
special environmental foci in the coastal waters. 
However, they remained localised and were soon 
controlled, in contrast to the outbreaks in the poor 
nations., which developed into prolonged and 
extensive epidemics. 

In January', 1991, the pandemic reached Peru, 
thus encircling the glohc in thirty years time (Fig 
33.2). For the first time in the century, cholera had 
invaded South America. The epidemic spread 
ripidly through many Central and South American 
countries, and by mid-1992 over half a million cases 
and 5000 deaths had been reported. By 1994 most 
parrs of Central and South America had been 
involved and rendered endemic. 

The seventh pandemic of cholera has been 
different from a|] the others. It is the first to have 
originated from outside the Indian subcontinent. lr 
is also the first to have heen caused by the El Tor 
hiotype, in contrast to all the earlier ones caused hy 
the classical cholera vibrios. The severity of illness 
was much less, with a large proportion of mild and 
asymptomatic infections. Mortality was low and the 
carrier rate high, El Tor vibrios tended to remain 
endemic in many new geographic areas, causing 
periodic epidemic bursts. The El Tor vibrio has 
proved to be much hardier titan the classical vibrios, 
capable of surviving in the environment much 
longer. A peculiar phenomenon has been the 
replacement of the classical hiotype hy the F.l Tor 
vibrios following the pandemic spread. Thus, in 
India the classical vibrio is hardly ever encountered 
after the El Tor epidemic took root, though in 
Bangladesh, the classical vibrio had staged a 
comeback. 
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An event of great significance was the sudden 
emergence of nort-01 V. cholcrae (former NAG 
vibrio) as the cause of epidemic cholera, In October 
1992, a new non-01 vibrio was isolated from a 
cholera outbreak in Madras (Chennai}. Similar 
outbreaks soon followed in different parts of India. 
By January, 1993, the new strain had become 
epidemic in Bangladesh also. In the affected areas, 
this strain replaced the El Tor vibrios as the 
epidemic and environmental serovar. It also showed 
a tendency to be more invasive, causing bacteremic 
illness in some. The new epidemic strain was 
designated Serovar 0-139 (or 0-139 Bengal), 
Unlike the 0-1 cholera vibrio, the 0-139 vibrio is 
capsulatcd. As it possessed novel surface antigens, 
the 0-1 strain vaccines could not protect against 
0-139 infection. There was no natural antibody 
against the strain in any human population then. It 
was therefore considered likely that the O-139 strain 


may initiate the next pandemic of cholera. The new 
strain continued spreading, eastwards to the South 
Fast Asian countries, and westwards to Pakistan, 
China and some parts of Europe. But surprisingly, 
by 1994 the FI Tor strain regained its dominance 
and the threat of an 0-139 pandemic diminished. 
Both O-1 El Tor and 0-139 strains began to coexist 
in endemic areas, 

Cholera is an exclusively human disease. 
Infection originates from the patient or the carrier. 
Carriers may be incubatory, convalescent, healthy 
nr chronic. Incubatory carriers shed vibrios only 
during the brief incubation period of 1 5 days. 
Convalescents may caciete them for 2-3 week.-. The 
healthy or contact carrier who has had subcliitieal 
infection usually sheds the vibrios lor Ic-.h than 10 
days. The chronic carrier continues to be active for 
months or years—the longest duration recorded 
being 10 years. Chronic carriers were rare in 



1991 
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★ 


Explosive initial epidemics 


Extern of pandemic spread 
Unique environmental reservoirs 


Fig. 33,2 Spread of Et Tor Cholera, 1&61-1&W, Recently identified special environ mental reservoirs of toxigenic 
El Tot Cholera vibrio Ot are also indicated. (Source; WHO). 
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classical cholera but with E3 Tor infection they arc 
seen more often. Persistent infection of the gall 
bladder accounts for chronic carriage. 

Infection is acquired through feeally 
contaminated water or loud. Direct person-to- 
petson spread by contact may not be common but 
hand contamination of stored drinking water has 
been shown to be an important method of domestic 
spread of infection. Large scale movement of 
persons, as occurs during fairs and festival has 
traditionally been associated with the spread of 
cholera, 

The persistence of the vibrio during the 
intriepidemic periods was a matter of controversy. 
In the endemic areas it may be maintained by 
continuous transmission of subriinkal or mild 
infection. It is now known that the natural habitat 
of cholera vibrios is the saline waters of coastal 
seas and brackish estuaries, where they can persist 
For long periods* particularly in association with 
small crustaceans such as eopepods* crabs or 
plankton. 

A significant difference in susceptibility to cholera 
has been reported in relation to blood groups, gpaup 
G persons being the most susceptible and group All 
the least. The reason for this eh not known. 
LahorstlEu-y diagnosis: Stool, collected in the 
acute stage of the disease* before the administration 
of antibio-tics* is the most useful specimen for 
laboratory diagnosis. Isolation af cholera vibrios 
from such stools is a simple matter as they are 
present in very large numbers, 10"-10^ vibrios per 
ml. The specimen is best collected by introducing 
into the rectum a lubricated catheter and letting 
the liquid stool flow directly into a screwcapped 
container. Rectal swabs maybe used, provided they 
are made with good quality cotton wool, absorbing 
about 0.1-0.2 ml of fluid. They are useful in 
collecting specimens from convalescents who no 
longer have watery diarrhea. In such cases* the swabs 
should be moistened with transport mediu m before 
sampling. Collection of stools from pans is not 
recommended. Vomit US. is not useful. 


As cholera vibrios may die in a few hours at 
tropical temperatures, it is necessary to preserve 
the specimen at 4 °C or in some appropriate- 
holding medium. Stool samples may be preserved 
in VR fluid or Cary-Blair medium for long periods. 
If the specimen can reach the laboratory in a few 
hours* it may be transported in enrichment media 
such as alkaline peptone water or Monsur's 
medium, thus saving the rime required for isolation. 
If transport media are not available, strips of 
blotting paper may be soaked in the watery stool 
and sent to the laboratory packed in plastic 
envelopes. Whenever possible, specimens should 
be plated at the bedside and the inoculated plates 
sent to the laboratory. 

Diagnosis by direct microscopic examination of 
cholera stool is not recommended as the results 

arc not reliable. For rapid diagnosis, the 



Fig. 33-3 Spread of vibrio cholerae 0-139 epidemic in 
Asia (1992-1994) [Source: WHO} 
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characteristic motility at the vibrio anti its inhibition 
by antiserum can be demonstrated under the dark 
field or phase contrast microscope, using cholera 
stool from acute cshcs, or more reliably after 
enrichment for six hours, Demonstration of vibrios 
tit stools by direct immunofluorescence lira been 
attempted ljut nonspecific fluorescence is common mid 
the technique is ton complicated for use in die Held. 

On arrival in the laboratory, the specimens sent 
us enrichment media should be incubated for 6-8 
hours including transit time. The necuneat sent 
in holding media should be inoculated into 
enrichment media, to be incubated for 6-8 hours 
before being streaked nn a selective and a 
nonsclcctivcmedium. It is also desirable to do direct 
plating before enrichment. The plating media used 
vary in different laboratories but the jpedfi 
employed usually are bile Halt agar, M action key 
agar for rtonselective and TCBS agar lor selective 
plates. The plates should not be older than 3-5 
days and should be dried well before screaking. It 
is possible to identify vibrio colonies on nonseleetivc 
media after incubation for 4-5 hours by examination 
Under a stereoscope with obli^Uf illumination.. 

Generally, the plates are examined after nwcmig.hr 
incubation, at 37' tf C, Colonies suggestive of vibrio® 

should be picked with a straight wire and tested by 
slide agglutination with cholera O subgroup I 
scrum {cholera 'nondifletentiar serum). If positive, 
agglutination may be repeated using specific Ogjwa 
andlnaha sera for semtvping. Hikujima strains will 
agglutinate equally well with Ogawa and Inabu sent. 
If agglutination is negative with one colony, it is 
essential to repeat the test with at Least five more 
colonics, as 'agglut [liable and non-01 vibrios may 
coexist in the same specimen. II slide agglutination 
is positive, the isolate is tested for chick red cell 
agglutination. This is employed tor presumptive 
differentiation, between El Tor and classical cholera, 
vibrios. A report can be sent at ibis stage, usually 
the day after the specimen is received. If no vibrios 
are isolated, a second cycle of enrichment and 
plating may succeed in some cases. 


The isolate may then be subjected to detailed 
study, if desired, including the oxidase test, utilisation 
of ami noacids, lysine, arginine and ornithine, 
fermentation of sugars including sucrose, inInnoSe 
and arabinoHc, hemolysin, VP, polymyxin B 

sensitivity and susceptibility ro cholera phage IV, 
The strain may be sent to the International 
Reference Centre lor vibrio phage typing at the 
National Institute of Cholera and Enteric Disease 
(IN ICED) at Kolkata. 

Isolates of vibrios that are not agglutinated by 
the O subgroup 1 scrum should not he ignored as 
non-01 vibrios arc known to produce cholcra-like 
disease. An antiserum to the H antigen which :s 
shared by all cholera vinos has been found to be a 
useful reagent. Any vibrio which is agglutinated 
by this H An rise rung bill not: by O-I serum is 
considered Bo he nnn-Ol cholera vibrio. Specific 

HOtiscium against 0-139 is available. In the fully 
equipped laboratory, diagnostic tests in cholera and 
other diarrheal diseases should consist of a battery 
of tests designed to isolate other known pathogens 
also. 

Fi>r isolation of vibrios from Carriers, essentially 
the same technique* arc to be followed, except shut 
more than one cycle of enrichment may be 
necessary. As vibrio excretion is intermittent, 

a “ " ■ 

repeated stool examination will yield better results. 
Examination of stools after a purgative (magnesium 
sulphate 15—30 g or Mannitol 30 g), or of bile 
after duodenal intubation is of special value, 

Serological examination is of little use in the 
diagnosis of case® though it may be helpful in 
assessing the prevalence of cholera in an area. The 
tests available are agglutination using live ur killed 
vibrio JUspenSion+t indirect hemagglc l ina t i m l, 
vihrrxidal test and antitoxin assay. Of these, the 
complement dependent vibrioeidal antibody test is 
the most use ful. 

For examination of water samples for vibrios, 
enrichment or filtration methods may be employed. 
Jo the former, 900 m! of water are added to 100 ml 
tenfold concentrated peptone water at pH 9.2, 
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incubated at 37 "C for 6~8 hours arid a second 
enrichment done before plating on selective media. 
For die filtration technique the water to be tested 
should be filtered through the Mi 11 ip ore membrane 
filter, which is then placed directly on the surface 
of a selective medium and incubated- Colonies 
appear after overnight incubation. Sewage should 
be diluted m saline, filtered through gauze and 
treated as tor water. 

Immunity; in cholera, the vibrios remain 
nmtlned to the intestine,, where they multiply and. 
elaborate she enterotoxin which :£ responsible For 
the disease. Immunity, therefore, may he directed, 
against the bacterium or against the toxin— 
antibacterial or antitoxic. Natural infection confers 
some amount of immunity but it docs not seem to 
lust for more than 6-12 months and reinfections 
are known after this period. 

Immunisation with killed vaccines induces only 
antibacterial immunity. The protective effect of these 
vaccines, especially purified somatic antigens used 
as, vaccines, though short-lived, proves that 
.n n ih.i. rvi i.i". immunirv can protect against infection. 
The protection appears to be serotype specific but 
not biotype specific. 

Immunity may be local, in the intestine, or 
svsfemk. The appearance of local antibodies in the 
inrestinc has been known tor a long time. These 
are known as Yoproamibodics.' as they appear in 
the feces. They consist of IgG, IgM and IgA. 
Fniphylffitisf The prevention of cholera requires 
essentially general measures such as provision of 
prorccicd water supply and improvement of 
environmental sanitation- As these are run easily 
attainable, vaccination continues fo be the most 
widely used method of prevention in endemic areas. 

Cholera vaccines were introduced by Ferrari 
within a year of the discovery of the vibrio. The 
original vaccines were live suspensions of vibrios. 
As they gave rise to adverse reactions, they were 
replaced by killed vaccines. The vaccines used 
traditionally are killed suspensions containing 8000 
million V. chokrac per ml, composed of e-quai 


numbers of Ogawa and Inuha serotypes, given by 
suheutaneous or intramuscular injection. Many 
laboratories employ classical cholera and EL Tor 
vibrios in oqual numbers in the vaccine. Strain 
0-139 vaccine has also been prepared. The 
concentration of the vaccine has been Increased to 
12,000 million per ml, in order to improve the 
anrigeric stimulus, 

Several controlled field trials in endemic areas 
with various types of injected vaccines have shown 
that the protection afforded bv them dines nor exceed 
50-60 per cent; the duration of protection is only 
,1-6 months; the rate of protection in endemic areas 
increases with age; a single dose of" vaccine t| 
ineffective in children below five veare of age while 
two doses at 1-4 week intervals are protective- a 
-.ingle dose confers good protection in adults due 
to its acting as a booster on top of prior natural 
immunisation; cell-free somatic antigen 
preparations arc as effective as whole cell vaccine; 
there is good cross-protection between classical and 
El Tor vibrios; the cross-protect ion between Ogawa 
and Inaba serotypes is doubtful and requites further 
study, pending which vaccine Containing the 
homologous serotype is to be employed. Aluminium 
hydroxide and phosphate adjuvant vaccines 
produced better immunity, particularly in young 
children. Toxoid vaccines have not been been 
successful. Injectable vaccines do nut provide ally 
local immunity in the intestinal mucosa. They are 
also unacceptably rcaetogefoe-1 fence attention has 
heen directed to oral vaccines. 

Two types of oral vaccines have been tried 
recently' killed oral whale cell vaccines with and 
without the inclusion of the 0 subunit of L'T, and 
/fve ora/ vaccines with classical, El lot and 0*139 
Strains, with fheir toxin genes deleted. While the 
results have been promising, problems- remain to 
be solved before they Ate cleared for general use. 

An ideal cholera vaccine is yet to be found. 
Cholera vaccination was. a compulsory requirement 
fof international travel, but now very few countries- 
insist on this. 
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Tvculmcni: The treatment of cholera consists 
essentially of the prompt and adequate replacement 
of lost fluid and electrolytes. Oral administration, 
of fluid containing; glucose and electrolytes, either 
alone or supplemented by intravenous fluids is a 
highly successful and Freely available method of 
treating cholera. Cereal based preparation h are 
equally effective: and usually more acceptable* 
Antibacterial therapy is of secondary importance. 
Oral tetracycline was recommended fa reducing 
the period of vibrio excretion and the reed for 
parenteral fluids. Initially cholera vibrios were 
uniformly susceptible to ail antibiotics active against 
Gram negative bacilli, but since 1979, multiple 
drug resistant strains have become increasingly 
common. 

VIBRIO MIMICUS 

So named because it closely resembles cholera 
vibrios in biochemical features, V. laiiaicut can be 
differentiated by its failure to- ferment sucrose. Like 
V. dioient, it grows best at low salt concentrations 
(0.5-1%). It has been responsible for many sporadic 
cases of diarrheal disease on the Gulf Coast of the 
USA, Infection is acquired from eating seafood, 
especially oysters. \ he disease is self “limited. 
Clinical manifestations resemble those caused by 

V. pMufucmoIyrkm. 

HALOPHIUC VIBRIOS 

Vibrios that have a high requirement of sodium 
chloride are known as halophilic vibrios. Their 
natural habitat is sea water and marine life. Some 
halophilic vibrios have been shown tu cause human 
disease—V pjtrthicfiialytkus, V. .ij'umoj'vNcuy and 
V. ininifscus. 

VlIlKIO ItillUl VF'iMuI.I Tiers 

V. para h&emofyticus is an enternpathngcric 
halophilic vibrio originally isolated in 1951 in Japan 
as the Causative agent of an outbreak of food 
poisoning due to sea fish. Gastroenteritis due to 
this vibrio has since been identified in several 


countries and it is now considered an important 
cause of food poisoning throughout the world. It 
inhabits die coastal seas, where it is found in fishes, 
arthropods such as shrimps and crabs, and molluscs 
such as oysters. In Calcutta, it has also been found 
in small pond fishes. 

In morphology it resembles the cholera 
Vibrio, except that it is espsulatcd, shows bipolar 
staining and has a tendency to pleomorphism, 
especially when grown on 3% salt agar and in old 
cultures. Unlike other vibrios, it produces 
peri trie hous flagella when grown on solid 
media. Polar flagella are formed in liquid 
cultures. 

It grows only in media containing NaCl. It can 
tolerate salt concentration upto 8 per cent but nor 
10 per cent. The optimum salt concentration is 2- 
4 per cent. On 1 CHS agar, the colonies are green 
with an opaque, raised centre and flat translucent 
periphery. The string test is positive, 

It is oxidase, catalase, nitrate, indole and citrate 
positive. Glucose, maltose, mannitol, mannose and 
arabinose are fermented producing acid only. 
Lactose, sucrose, salkiru .xylose, adonitol, inositol 
and sorbitol are not fermented. 

It is killed af hi) *C in 15 minutes. It docs not 
grow at 4 "C but can survive refrigeration and 
freezing. Drying destroys it. It dies in distilled water 
or vinegar in a tew minutes. 

Three antigenic components have been 
recognised—somatic O, capsular K and flagellar 
H antigens. Scrotyping is based on O and K 
antigens, 17 O groups have been recognised and 
59 distinct K arstigenS- 

Not all strains of V T parahaemolytkus are 
pathogenic for human beings. It has been found 
that strains isolated from environmental sources 
(such as water, fish, crabs or oysters} are nearly 
always, nonhemolytic when grown on a special high 
salt blood agar {Wagaisuma agar), while strains 
from human patients arc almost always hemolytic. 
This is called the Kanapwa phenomenon and is 
due to a hear stable hemolysin. The significance of 
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Table 33.6 Some characteristics cl v. parahaemoiyficus end it alglndytlcus 



Vi pin h a cmolvticus 

V, uiginolytievs 

Indole 

4 

+ 

V.P. 

- 

+ 

Mimic reduction 

* 

<# 

Urease 

- 

- 

Sucrose fermentation 

- 

+ 

Swarming 

- 


Growth in 0% NaCl 

- 

- 

7% NaCl 

+ 

+ 

10% NaCl 

- 

* 


tM& hemolysis is not known but it is usud js a 
laboratory test: for pathogen icily; Kan ugawa positive 
strains being considered pathogenic Tor human 
beings, and negative strains nonpathogcnic. No 
enterotoxin has been identified. The vibrio is 
believed to cause enteritis by invasion of the 
intestinal epithelium, V. para ha cm c>}yTic lis causes 
food poisoning associated! with marine food. It also 
causes acute diarrhea, unassodated with food 
poisoning. Abdominal pain, diarrhea, vomiting and 
fever are the usual signs. Feces contains cellular 
exudate and often also blood. Dehydration is of 
moderate degree and recovery occurs in 1-3 days. 
Cases are more common in summer, and. in adults 
than in children. In Calcutta, V. parahemolyticus 
could be isolated from 5-10 per cent of diarrhea 
CASCS admitted to the Infectious Diseases Hospital. 
V.panlaem oJhtiajs is common in sea fish in some 
other parts of India but human cases are much less 
frequent. 

Vibrio Alginolyticus 

This halophilic vibrio resembles V parahaenio- 
lyticvs in many respects and was formerly considered 
a biotype of the latter. It has a higher salt tolerance, 
is VT positive and ferments sucrose (Table 33-6), 
It is frequently found in sea fish. Its starus as a 
human pathogen is uncertain- It has been associated 
with infections of eyes, cars and wounds in human 
beings exposed to sea water. 


Vibrio Vulnificus 

V, vulnificus, previously known as L* vibrio or 
Btneckca ctdnr/fcj. is a marine vibrio of medical 
importance. It is VP negative and ferments lactose 
but not sucrose, lr has a salt tolerance of less than 
eight per cent. It causes two types of illness. The 
first is wound infection following contact of open 
wounds with seawater. The second type occurs in 
compromised hosts particularly those with liver 
disease. Following ingestion of the vibrio, usually 
in oysters, it penetrates the gut mucosa without 
causing gastrointestinal mam test at ions and enters 
the bloodstream, rapidly leading to septicemia with 
high mortality. 

ABROMONAS amp Plesiomonas 

Besides the genus Vibritt, the family Vibrinnaceac 
also contains the genera Aeromonas and 
Plesioniitn£i t some members of which have been 
associated with human lesions. 

AtmmoaaM hydrophiila, originally isolated from 
frogs, in which it causes the ‘red leg disease', has 
been reported from many cases of diarrhea and from 
some pyogenic lesions in human beings. 
PVesjomonas shigcUoidcs also has been reported 
from diarrheal disease. Both these arc oxidase 
positive, polar flagellated. Gram negative rods and 
may be mistaken for vibrios. They may be 
differentiated horn vibrios by biochemical tests such 
as, utilisation of aminoacids. 
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Pseudomonas are a large group of aerobic, 
nonsporing Cram negative bacilli, motile by pokr 
flagella. They are ubiquitous, mostly saprophytic, 
being found in water, soil or other moist 
environments Some of them are pathogenic to 
plants, insects arid reptiles. A few cause human 
infection, typically opportunistic. 

Based on molecular analysis, pseudomonads have 
been reclassified and many former Pseudomonas 
species reallocated to new genera such as 
Burkholders Stenotrophomonas and others. 

PSEUDOMONAS AERUGINOSA 

Ps- pyocyanca: Bacillus pyocyxnBK 
Morphology; It is a slender Cram negative 
bacillus, 1.5-3 pm * 0,5 pm, actively motile by a 
polar flagellum. Occasional strains have two or 
three flagella. Clinical isolates are often piliaced. It 
is noncapsulated hut many strains have a mucoid 
slime layer. Mucoid strains, particularly isolates 
from cystic fibrosis patients have an abundance of 
extracellular polysaccharides composed of alginate 
polymers. This forms a loose capsule (glycocalyx) 
in which microcolonies of the bacillus are 
enmeshed and protected from host defences. 
Culture! characteristics; It is an obligate 
aerobe, but can grow anaerobically if nitrate is 
available- Growth occurs at a wide range of 
temperatures, 6-42 (, C, the optimum being 37 *C- 
It grows well on ordinary media, producing large, 
opaque, irregular colonies, with a distinctive, musty, 
mawkish or earthy smell. Iridescent patches with 
a metallic sheen are seen in cultures on nutrient 
agar C rystsls are seen beneath the patches. It grows 


on MacConkcy and DCA media, forming non¬ 
lactose-fermenting colonies. Many strains are 
hemolytic on blood agar. In broth, it forms a dense 
turbidity with a surface pellicle. 

Ps. aeruginosa produces a number of pigments, 
the best known being pyocyanin and fluorescin. 
Pyocyanin is a bluish green phemazine pigment 
soluble in water and chloroform, Fluorescin 
tpyoverdin) is a greenish yellow pigment soluble 
in water but not in chloroform. In old cultures it 
may be oxidised to a yellowish brown pigment. 
Pyocyanin is produced only by Ps. aeruginosa but 
fluorescin may be produced by many nther species 
also, Other pigments produced are pyombin {red} 
and pyomelanin (brown) in various combinations. 
Some strains maybe nanpigmented, It is not known 
whether the pigments have any role in 
pathogenesis. Some of the pigments particularly 
pyocyanin, inhibit the growth of many other 
bacteria and may therefore contribute to Ps. 
aeruginosa emergi ng as the dominant bacterium in 
mixed infections. 

Bioeheniionl reactions: The metabolism is 
oxidative and nonfermentarive. Peptone water sugars 
are unsuitable for detecting acid production, since 
this is weak and gets neutralised by alkali produced 
from peptone- An ammonium salts medium in 
which the sugar is the only carbon source is the 
best. Glucose is utilised oxidatively, forming acid 
only Indole, MR, VP and H 3 S tests am negative, 
Nitrates arc reduced to nitrites and further to 
gaseous nitrogen. Catalase, oxidase and arginine 
d"[hydrolase tests are positive, 

ClEi+isifieulLom As P*\ aeruginosa has become 
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a very important cause of hospital infections, its 
classification is essential for epidemiLiiogitiil 
purposes. Serotyping, bcieriocin (pyocin, 
scruginosir:) typing and bacteriophage typing have 
been used but are not entirely satisfactory. 
Restriction endonuclease typing with pulsed-field 
gel electrophoresis is the ittost reliable method 
available. 

Resistance The bacillus is not particularly heat 
resistant* being killed at 55 °C in one hour but 
exhibits a high degree of resistance to chemical 
agents. It is resistant to the common antiseptics and 
disinfectants, such as quaternary ammonium 
compounds, chloroxylenol and hcxachlorophane 
and may even grow profusely in bottles of such 
antiseptic lotions kept for use in hospitals- Indeed, 
selective media have been devised for ft, ncmginos a 
incorporating Jetted or eetrimide, It is sensitive to 
aclda, beta glutaraldehyde, silver salts and strong 
phenolic disinfectants. Its susceptibility to silver has 
been applied clinically in the use of silver 
sulphonamide compounds as topical cream in 
bufns. 

ft, aeruginosa possesses a considerable degree 
of natural resistance to antibiotics. Examples of 
clinically effective antibiotics are aminoglycosides 
(gentamicin, amikacin), cephalosporins (cefotaxime, 
ceftazidime * cefoperazo me ), flu oroquinoloncs 
(ciprofloxacin, ofloxacin, pefloxacinh penicillins 
(piperacillin.. tkarcilSin, azlocillin). For localised 
infetionSj topical colistin, polymyxin B or 1% acetic 
acid may be useful. 

Pathogenicity: “Blue pus 1 was known as a 
surgical entity long before Gcssvd (1992} isolated 
ft. aeruginosa from such cases. Both the specific 
names of the bacillus refer to its capacity no cause 
"blue pud, the term aeruginosa, meaning verdigris 
which is bluish green in colour and pyoeyanca, 
being a literal translation of 'blue pus 1 . 

Tire pathogenic importance -of the bacillus was 
not adequately recognised till recently when it has 
established itself as one of the most troublesome 
agents causing nosocomial infections. In the 


community outside the hospital, the most common 
infection caused by Ps. aetugiiiosit is suppurative 
otitis, which is chronic though not disabling.. In 
tire hospital, it may cause localised or generalised 
infections. Localised lesions are commonly 
infections of wounds and bedsores, eye infections 
and urinary infections following catheterisation. jRr. 
aeruginosa is lire most common and most serious 
cause of infection in bums. It is also one of the 
agents responsible for iatrogenic meningitis 
following lumbar puncture, It frequently causes 
post-tracheostomy pulmonary infection. Septicemia 
and endocarditis may occur in patients who are 
debilitated due to concomitant infection, malignancy 
or immunosuppressive therapy. Ecthyma gangreno¬ 
sum and many other types of skin lesions have 
been described occurring either alone or as 
part of generalised infection, mainly in patients 
with leukemia and other types of malignancy. 
Infection of the nail bed is not uncommon 
following excessive exposure of hands to detergents 
and water. 

Pa. iertigjmjSa ha! beeh described as one of the 
agents responsible for infertile diarrhea and sepsis. 
Strains isolated from outbreaks of diarrhea may 
form a heat labile enterotmin and give a positive 
rabbit ileal loop reaction, Ps, aeruginosa has been 
reported to cause a self-limited febrile illness 
(Shanghai Aver) resembling typhoid fever in some 
tropical areas. 

The pre-eminent role of Ps. aeruginosa in 
hospi tal infection is due to its resistance to common 
antibiotics and amiseptks, and its ability to establish 
itself widely in hospitals. Being an extremely 
adaptable organism it can survive and multiply even 
with minimal nutrients, if moisture is available. 
Equipment such as respirators and endoscopes, 
articles such, as bed pans and medicines such as 
lotions, ointments and eye drops and even stocks of 
distilled water or plant! and flowers may be 
frequently contaminated- ft. asmgmom is present 
on the akin of the axilla and perineum in some 
persons. Fecal carriage is not comma n but may be 
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frequent following ora] antibiotic treatment or 
hospitalisation. 

The mechanisms of pathogenesis are not 
clearly understood. Several toxic extracellular 
products have heen identified in the culture 
filtrates, such as exotoxins A and S. Exoto-Kin 
A acts as an NADase* resembling the 
diphtheria toxin. Good antibody response to 
exotoxin A is considered a favourable sign in 
severe infections with Pi. Maugjooaa. Orher 
toxic products include pro teases „ elastases, 
herruilysins and entertrtoxin. The slime layer 
acts as a capsule in enhancing virulence. 
Laboratory diagnosis; The bacterium grows 
readily on most mcdia.The identification of 
pigmented strains of the bacillus from clinical 
specimens is easy. But about 10 per cent of isolates 
may be nonpigmented. Prompt oxidase reaction and 
arginine hydrolysis help in their identification. It 
may be necessary' to use selective media such as 
cetrimide agar for isolation from feces or other 
samples with mixed flora. As Ps. zefuginuixt is a 
frequent contaminant, isolation of the bacillus from 
a specimen should not always be taken as proof of 
its etiological role. Repeated isolations help to 
confirm the diagnosis. 

Control: Prevention of Ps. aeruginosa cross- 
infection in hospitals requires constant vigilance 
and strict attention to asepsis. Antibiotic treatment 
is not always satisfactory. Animals With experi¬ 
mentally infected bums have been protected by prior 
immunisation with the homologous strains. 
Immunotherapy in human burns cases with 
antiserum, to Ps. aeruginosa may be useful. 
Pseudomonas vaccines are being tried in cystic 
fibrosis patients who are highly vulnerable to 
pseudomonas infection. 

Specific antibacterial therapy constitutes only 
one aspect of the management of serious 
pseudomonas infections. Treatment of the 
underlying diseases,, correction of granulopenia and 
appropriate supportive therapy need attention. 

Occasional opportunist infections may be 


caused by a few other species* such as Ps. 
fluorescent, Ps. pud da and Ps. smtzeri. 

STRNOTROPHOMONAii MALTOPHILA 

(formerly Pssudomona$ 
Maltqphila) 

This is a saprophyte and opportunistic pathogen, 
causing wound infection, urinary tract infection and 
septicemia, It is usually oxidase negative and 
addifies maltose in addition to glucose, lactose and 
sucrose. Infections usually respond to cotrimoxaxole 
and chloramphenicol. 

Bufkholdrrea Cepacia (formerly 

PsEUDOMONA S CBPA CIA } 

This is a plant pathogen causing onion rot (ccpih, 
Larin for onion). It is increasingly being recognised 
as an opportunist environmental pathogen* 
particularly in those with cystic fibrosis or chronic 
granulomatous disease, in whom it causes fatal 
neerotising pneumonia. It is nutritionally very 
versatile. It can grow in many common disinfectants 
and can even use penicillin G as a sole source of 
carbon! It is oxidase positive and acidifies mannitol, 
sorbitol and sucrose. It can cause urinary, respiratory 
and wound infections, peritonitis, endocarditis and 
septicemia, It is inherently resistant to most 
antibiotics. 

GLANDERS 

BlfRKHOLDERlA MALLBI (FORMELY 
P&BUDOMONA S MA LLBi) 

Tlie bacillus had also been classified variously 
as Lodfflertlla, PfoffcrcJh, MxHeamy ces, 
Actinobacillun and Atinttobacter. It is the 
causative agent of glanders {ma/Ieus, in Latin}, a 
disease primarily of equine animals - horses, 
mules and asses - but capable of being 
transmitted to other animals and to human 
beings. The bacillus was discovered by Loeffler 
and Sehutz (1882). 

Ps. mallei is a slender* non motile, Gram negative 
badlliiB, 1—$ pm * 0.5 pm staining irregularly and 
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often giving a beaded appearance. It is an aerobe 
and facultative anaerobe, growing on ordinary media 
under a wide range of temperature. Colonies which 
are h mall and translucent initially become yellowish 
and opaque on ageing, On potato, a characteristic 
amber* honey-like growth appears, becoming 
greenish yellow resembling Pa. aeru ginosit, It is 
quire inactive biochemically* attacking only glucose. 

The natural disease in equineS OCCUfS ill two 
forms—glanders and farcy. In glanders, the 
respiratory system is involved, with the formation 
of firm, round nodules and a profuse catarrhal 
discharge from the nose. Fatty follows infection 
through the skin and is an involvement of the lymph 
vessels and nodes, which stand out as hard cords 
beneath the skin. 

Guinea pigs arc susceptible and intraperitoncal 
injection into male guinea pigs induces the S traus 
resetion, This consists of swelling of the reircs, 
inflammation of runica vaginalis and ulceration of 
the scrotal shin. The Straus reaction is not 
diagnostic of glanders, as it may also be produced 
by inoculation of other bacteria such as Hiuttib 
species, Preisz'Nocaird bacillus, Acrioahsciffos 
lignicmi and Pa. ftszudvriliillei. 

Human infection is usually occupational, found 
in OStler?, grooms and veterinarians. It may be acute 
or chronic and is protean in character, with 
localisation in the respiratory tract, skin or 
subcutaneous tissues. In acute glanders, there is 
fever, mucopurulent nasal discharge and severe 
prostration. The fatality rate is high. While human 
infection is acquired only rarely from infected 
animals, laboratory cultures are highly infectious 
and Ps. maUci is one of the most dangerous bacteria 
to work with. 

Animals suffering from glanders develop a 
delayed hypersensitivity to the bacterial protein. 
This is the basis of the ma/foiii lest used for 
diagnosing glanders. This is analogous to the 
tuberculin test and may be performed by the 
subcutaneous, intracutancous nr conjunctival 
methods. 


MELIOIDOSIS 

Burkholder i a Pseudomallri 

( F OHM E R 1 . Y PSE UDOMONA S 
Psfi VD (H/1 1 . L El) 

Also known as Whitmore's bacillus, ActinobucUlus 
whitman, Mutlcomyces pseudamzltei, 
/MetfdomaWci). 

] Hi^ is the causative agent of melioidosis a 
glanders-like disease, epizootic in rodents in 
southeast Asia, India and North Australia. (The 
name is derived from melis, a disease of asseS 
(glanders], and eidos meaning resemblance). The 
disease was first described in human beings by 
Whitmore and Krishnaswami (1912) in Rangoon. 
Whitmore (1913) isolated the bacillus. It resembles 
Ps. mallei but differs in being motile, liquefying 
gelatin and forming acid from several sugars. Two 
thcrmolabile exotoxins, one lethal and the other 
nccmtising 111™ been identified in culture filtrates. 

The human disease mav take different forms. It 

J 

may be an acute septicemia, a Subacute typhoid- 
like disease, or pneumonia and hemoptysis 
resemblingtuhercuItBLs. In elnomc form, there mav 
be multiple caseous or suppurative foci, with abscess 
formation in the skin and subcutaneous tissues, 
bones and internal organs. Acute melioidosis has a 
high case fatality rate. Serological evidence indicates 
that inapparent infection is common in endemic 
areas. Long latency and reactivation may occur as 
the bacillus can survive intracellularly in the 
reticuloendothelial system. The bacillus has been 
isolated from water and soil in endemic areas. It is 
a soil saprophyte that causes infection In rodents 
and humans accidentally. Human infection occurs 
commonly through skin abrasions or by 
inhalation. 

Diagnosis may be made by demonstration of the 
bacillus in exudates by microscopy (small irregularly 
staining Gram negative bacilli, showing typical 
bipolar 'safety pin’ appearance with methylene blue 
stain), isolation by Culture from sputum, pus, blood 

nr urine, or by serology (ELI5A for IgM and JgG 
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Antibody, irulaieet hemaggluunarion). A PCR teat 
has also been developed. 

Ceftazidime is the drug of choice, along with 


cotnitiomolt, tetracycline, anmxydll n clavulanate, 
ordhlonunphcnicol. Prolonged treatment, for many 
months may be necessary, 
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Yersinia, Pasteurella, Francisella 



The pkgue bacillus and [many other Cram negative, 
short bacilli that are primary pathogens of rodents 
were grouped! together in the genus Pasteurella. 
Based on cultural and biochemical differences, this 
group J Las. been divided into three genera - YeraViia, 
Pasteurella and Francisella. The genus Icninia, 
containing the medically important species Y-prfo.s 
(the causative agent of plague), Y, pseudo 
tuberculosis (a primary pathogen of rodents) and 
Y. cntcrocofirica (which causes enteric and systemic 
diseases in animals and human beings) was so 
named after Alexandre Yerstn, who discovered the 
plague bacillus. The genus Fersfoni is now assigned 
to the family Enterobacteriaceae. The genus 
Pasttuielk contains several related bacteria causing 
hemorrhagic septicemia in different species of 
animals and occasionally producing local and 
systemic infections in human beings, grouped tinder 
a common species named E mohodda. One of these k 
P. avisephea is the chicken cholera Iradllus used 
by Pasteur for the development of the first attenuated 

bacterial vaccine. Hence the name Pasteurella. The 
genus Franrisclla, consisting of F- tulxrcnsis, is 
named after Francis for bis pioneering studies or 
tularemia, caused by this bacillus. 

Y KltSlM A PtiSTIS (FORMERLY 

Pa S I B 1 1 rblla Pkstis) 

The plague bacillus was discovered independently 
and simultaneously by Ytrsin and Kitasato (1894) 
in Hong Kong at the beginning of the last 
pandemic of the disease. 

Morphology: Y pesos is a short, plump, ovoid, 
Gram negative bacillus, about 1.5 pm * OJ pm in 


size, with rounded ends and convex sides, arranged 
singly, in short chains Or in small groups. In smears 
stained with Giemsa or methylene blue, it shows 
bipolar staining (safety pin appearance) with the 
two ends densely stained and the central area dear 
(Fig. 35 -1}- Pleomorphism is very common and in 
old cultures, involution forms arc seen—coccoid, 
club-shaped, filamentous and giant forms.. 
Pleomorphisin is charactericdly enhanced in media 
containing 3% NaCI. 

The bacillus is surrounded by a slime layer 
(envelope or capsule). It is nonmotile, nemsporing 
and non -acid fast 

Cultural characteristics: The plague 
bacillus is aerobic and facultatively an aerobic. 
Growth occurs over a wide range of pi 1 (pi 1 5-9.6, 
optimum pH 7-2) and temperature (range 2-45 ^C). 
The optimum temperature for growth (unlike most 
pathogens) is 27 °C but the envelope develops best 

at 37 °C- 

It is not nutritionally exacting and grows on 
ordinary media. On nutrient agar, colonies arc small, 
delicate, transparent discs, becoming opaque on 
continued incubation. Colonics on blood agar or 
other hemin containing media are dark bmwn due 
to the absorption of the hemin pigment. Colourless 
colonies are formed on JVIaeConkey's agar. In broth, 
a flocculent growth occurs at the bottom and along 
the sides of the tube, with little or no turbidity A 
delicate pellicle may form later If grown an a flask 
of broth with oil or ghee (clarified butter) floated 
on top (ghee broth) a characteristic growth occurs 
whiuli hangs down into the broth from the surface, 
resembling stalactites (stalactite growth) (Fig. 35.2). 
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Hm mb l-miiimI rf.Lfinjns; Glucose* maltose and 
mannitol bur not lactose, sucrose or rhsmnosc arc 
fermented with the production nf add but no gas. 

Indole is- not produced, h is MR positive and VP 
and citrate negative* catalase positive and acsculin 
positive and oxidase and urease negative* Gelatin is 
not liquefied* Based on the fermentation of glycerol 
and reduction of nitrate* Devi,gnat has distinguished 
three physiological varieties of VI pestis Tliii typing 
appears to be of epidemiological significance 
because of the different geographical distribution 

of the types {Table 35.1). 

litisisiuncL-i The plague bacillus is easily 
destroyed by exjiosure to heat, sunlight, drying and 
chemical disinfectants. It is destroyed by heat at 
5.5 "C or by 0.5% phenol in 15 minutes. Er remains 
viable for long periods in cold, moist environments. 
It can survive For several months, and even multiply, 
in the soil ot rodent burrows. AU strains are lysed 
by a specific antiplague bacteriophage at 22 U C, 
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Fig.35.1 SmSar Itom gland puilclur* m a ease rrt plague 
snowing Y uiistn with Bipolar staining (sa f«iy pin 
appearance), a lew rad biuc-p cull and njutotytaa. 


Antigens, Invirns nnd olhttr virulence 
Incinrs: Plague bacilli are antigenically 
homogeneous and serotypes do not exist, fhe 
antigenic structure is complex. At least 20 antigens 
have been detected by gel diffusion and biochemical 
analysis. Many of them have been claimed to be 
virulence factors. They include the following: 

1. A heat labile protein envelope antigen (Fraction 
1 Of F-IJ best Formed ill cultures incubated at 
37 fl C- It inhibits phagocytosis and is generally 
present only in virulent strains. This plasmid 
encoded antigen has been considered a virulence 
determinant but occasional strains deficient in 
Fraction 1 antigen have been isolated From Fatal 
human vases. The -antibody to this antigen is 
protective in mice. 

2, Two anrigens designated V and W and always 
produced together have been considered to be 
the virulence factors as they inhibit phagocytosis 
and intracellular killing of the bacillus* 
Production of V and W antigens is plasmid 
mediated. 
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3. Virulent strains produce a bacBeriodn {Pestitin I), 
coaguksc and librinolysin. Pcsticin I inhibits 
strains of Y. pscudotubcrculosis, V. cirf-cro 
colitia and E. cedi'. 

4. The term "plague toxins' refer? to at least two 
classes of toxins found in culture Filtrates or 
cell lysates. The First is the endotoxin, a 
lipopolysaccharide simitar to the endotoxins of 
enteric bacilli, The second class of toxins is 
protein in nature, possessing some properties of 
both exntoxins and endotoxins. They are 
therm olabile and may be tewoided hut do not 
diffuse freely into the medium and are released 
only by the lysis of the cel. They are called 
murine fewms as they are active in rats and mice 
but nor in guinea pigs, rabbits and primates. On 
injection into experimental animals, plague toxins 
produce local edema and necrosis with systemic 
effects cm the peripheral vascular system and liver. 
The role of plague toxins in natural disease in 
human beings; is not known. 

5. Virulence also appear? to be associated with an 
unidentified surface component which absorbs 
lien Lin and basic aromatic dyes in culture media 
to form coloured colonics. 


6. Virulence has also been associated with the ability 
for purine synthesis. 

PLAGUE 

Plague is an ancient scourge of mankind. The 
disease was familiar to the ancient civilisations of 
Asia. The BAagavatfui Purina urged householders 
to flee when tat falls were noticed. 

Central Asia or the Himalayas is believed to 
have been the original home of plague, from where 
it has, in wave after wave, spread far and wide, 
causing epidemics and pandemics, exacting a toll 
of human life surpassing any other disease. The 
identity of the Rihlical plague of the Philistines 
(1320 Be) is in doubt but the pandemic that 
occurred during the reign oFEmperorJustiiikin {AD 
542) was undoubtedly bubonic plague (believed to 
have been caused by Y. pestis, var. anbrjua) and 
caused a hundred million deaths. In the fourteenth 
century, pandemic plague known as the'black death' 
is believed ro have killed a quarter of all mankind, 
(rar. mcdicvalis believed responsible!. The name 
'black death’ may have been derived from the 
extensive cutaneous hemorrhages and gangrene 
often seen in fatal cases of plague. 


Table 35, r Biotypes of Yersinia paslis 


Vinery Glycerol Nitwit Ccogmphiati dittiihuti&n 

ftrmenr-jrujn reduction 

Y- pats rat. oriemxiis - * Primary foci in India, 

Myanmar, aitd China. 
Ca^ative Agent of 1894 
pandemic. Responsible for 
wild plague in Western USA, 
South America, South Africa. 


Y. pesfji' V&f, Ju fiijLra 


+■ 

Transbaikalia, Mongolia, 

Manchuria, perhaps 
responsible for Justinian 
plague. 

V. pcftii wtr, medievali* 

+ 

- 

Southeast Russia. 
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Historians of plague identify 41 epidemics, 
before the birth of Christ and 109 epidemics in 
the next IS tenturies. There are records of 45 
pandemics between AD 1500 and 1720, The disease 
was quiescent hi the eighteenth and nineteenth 
centuries and confined to endemic foci. The Iasi 
pandemic started in Hong Kong In 1894 and spread 
throughout tlur world, (caused by Y.pesth van 
oricnfaJj's). India was one of the countries worst 
hit by this pandemic Plague reached Bombay in 
1896 and spread all over the country during the 
next few years, causing more than 10 million deaths 
by 1918. It gradually receded thereafter, though 
occasional cases continued to occur irs endemic fori 
till 1967. No further plague eases were seen in India 
till 1994, when in August a nonfatal outbreak of 
bubonic plague was reported from Maharashtra 
(Seed district). In September pneumonic plague 
was reported in Sur.it and adjoining areas of Gujarat 
and Maharashtra, Causing much panic and 
consternation. A few cases were reported from 
different parts of north India also, probably caused 
by the exodus from affected areas. During the 
outbreak which subsided in two months, there were 
over fiflOD suspected plague canes and 60 deaths. In 
February 20112, plague ttiuck again causing a short 
outbreak near Simla, claiming 4 lives. 

Plague survives in several scattered natural feci 
in many countries (Fig. 35.3) in wild rodents, 

occasionally causing infection in human mriEaCES,. 
In India at least tour fed of plague are known. One 
[i the region near Kolas' at the trijunction of Tamil 
Nadu, Andhra and Karnataka. The second is the 
Bccd-Latur belt in Maharashtra (fftfti where the 
Surat epidemic emanated. The third is in Rhoru in 
Himachal Pradesh where the 2002 outbreak took 
place, and the fourth is a small pocket in 
Uttaranchal. 

In human beings, plague occur, in three major 
forms: bubonic, pneumonic and septicemic. In 
bubonic plague, after an incubation period of 2-5 
days, the lymph nodes draining the site of entry of 
the bacillus become infected. In some, the infection 


remains localised at the site of flea bite, with only 
minor constitutional symptoms (pcstis minor). As 
the plague bacillus usually enters- through flea bites 
on the kgs, the inguinal nodes arc involved arid 
hence the name 'bubonic’ (bubon meaning groin). 
The gknds become enlarged and suppurate, line 
bacilli enter the bloodstream and produce 
septicemia. Sometimes there are hemorrhages, into 
the skin and mucosa. Disseminated intravascular 
coagulation is common iiid may lead to gangrene 
of the skin, fingers and pen in. The case fatality in 
untreated cases may be 51.1-91) per ettit. 

Pneumonic plague may be seen sometimes 
during epidemics of bubonic plague. Rarel y t primary 
pneumonic plague may occur in epidemic form, as 
happened in Manchuri;i during 1910-1912 t cau*mg 
some 6(1,000 deaths. Pneumonic plague is spread 
by droplet infection. The bacilli spread through 
the lungs producing hemorrhagic pneumonia. 
Cyanosis is very prominent. The bloody mucoid 
sputum that is coughed out contains bacilli in 
enormous numbers. Pneumonic plague is highly 
infectious and in untreated. patents, almost 
i nvariably fatal. 

Septicemic plague is usually the terminal evert 
in the bubonic or pneumonic plague but may 
sometimes occur primarily- Meningitic involvement 
may occur rarely. Human carriers hive not been 
recorded hut asjTnpttwnatk"oropharyngeal infection 
has been observed in some contacts, 
hpidcmmlngy: Plague is a zoonotic disease. 
The plague bacillus is naturally parasitic in rodents. 
Infection is transmitted among cherts by rat fleas. 
The fleas acquire the infection by feeding on 
infected rodents. In the flea, the bacilli multiply i rs 
flit stomach to such an extent that they block the 
proventriculus. The interval between the ingestion 

i r. trend blood and blocking in the provtillficulus 
is the extrinsic incubation period, which is usually 
about two weeks in XenopsyUn chcopis- When such 
a "blocked tics’ bites another rodent, it cannor suck 
in blood because the bacterial mass blocks the 
passage mechanically. The blood, mixed with the 
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Fig. 35.3 Natural foci of plague-, known and suspected jKnown areas - dark; Suspected - shaded] 


bacteria is regurgitated into the bite, transmitting 
the infection, Infection may also be transferred by 
contami nation cd the bite wound with the feces of 
infected fleas. When a diseased rat dies (rat fall), 
the fleas leave the carcass and in the absence of 
another rat, may bite human beings, causing 
bubonic plague. 

Several species of fleas. may act as vectors, the 
most important being Xcnopty&a chtopis, X. asms 
and C'cmtaphyRus fascia CUS, A", cheap is ^ the 
predominant species in north India is a more 
efficient vector than the south Indian species X 
astxdL This has contributed Co the more extensive 
nature of plague outbreaks in the north as compared 
to south India. Plague epidemics generally occur 
in the cool, humid seasons that favour the 
multiplication of fleas, leading to a high ‘flea index 1 
(mean number of fleas per rat). In the hot, dry 
weather, fleas do not thrive and the transmission of 
infection is interrupted. 

The studies of the various governmental Plague 
Commissions in Bombay, during the early years of 


the twentieth century, helped to clarify the 
epidemiology of plague. It was found that plague 
produced epizootics first in Rattus HOfVtgioiS 
fsewer rat). When their number dwindled, the 
disease passed to the domestic rat, R, ntttus, , It was 
from the domestic rat that the infection spread to 
human beings. 

Two natural cycles of plague exist, the domestic 
and the wild. The term hirban or domestic plague' 
refers to plague that is intimately associated with 
human beings and rodents living with them, 
possessing a definite potential for producing 
epidemics."Wildor sylvatic plague’ occurs in nature 
and in wild rodents, independent of human beings.. 
The rodents involved vary in different regions. Over 
200 Species and subspecies are involved. In Western 
USA prairie dogs, ground squirrels* wood rate and 
mice are found infected. In the endemic areas of 
the USA, cases of human plague have occurred 
following contact with wild animats, and even with 
domestic carnivores, particularly pet cats. In java, 
the field rat is iht reservoir. In India, the gerbil 
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(Tafera J/idfcrf) And the bandicoot arc infected, 
Human infection may occur during skinning And 
handling of arcuses of infected wild animals. 
CarnivoreH, including eats and dogs can get infected 
by eating infected rodents or through their fleas, 
Clinical plague is seldom seen in dogs, but may develop 
in cats. Human infection l n »m inlaalalion of re>| 'iulurv 
droplets from infected eats has been reported. 

In enzootic foci, plague may persist for long 
periods. Infected fleas may survive for over a year. 
The hacilli can remain alive and even multiply in 
the soil of abandoned rodent burrowi. They can 
infect new rodents that may reoccupy such burrows. 
This may account lor the lung period nl quiescence 
and subsequent re-emergence characteristic of 
plague. Attenuated Strains of plague bacilli have 
been isolated from natural foci. They may regain 
virulence when plague becomes active. Eradication 
of plague is an unlikely prospect as It is a disease of 
the earth—of rodents that live in burrows and of 
the fleas that live on them, Only when human beings 
or domestic animals trespass on these natural foci 
do human infections set in. 

In the 1990s, there has been a rc-cmcrgcncc of 
plague In countries where it had erased to be 
noticed for many years, This has happened in the 
developing and the developed countries—India and 
China in Asia, Malawi and Zimbabwe in Africa, 
the erstwhile USSR in Europe and in the USA. 
Plague bacillus strains carrying plasmid home 
resistance to multiple antihiotics, wcre reported from 
Madagascar in 1995- These have the potential to 
spread and pose a great threat. 

Laboratory diagnosis: The laboratory should 
he able to diagnose plague not only in humans, but 
in rodents also, as timely detection of infection in 
rare may help to prevent epidemic spread. 

A rat which died of plague may cany infected 
fleas and should be handled with care. Pouring 
kerosene oil over the carcass is a simple method of 
eliminating the fleas. In the laboratory, the carcass 
should be dipped in 3% lysol to destroy 
ectoparasites. 


During epizootics, it is easy to diagnose plague 
in rats. Buboes are usually present in the cervical 
region, They are hard and can be []K>vcd under the 
skin. On section, the bubo may show congestion, 
hemorrhagic points or grey necrosis. Smears from 
the bubo stained with methylene blue show the 
bipolar stained bacilli. The fluorescent antibody 
Technique may be of use in identifying plague bacilli 
in the impression films of the tissues. Bacilli in 
bubo show considerable pleornofphisnt. The liver 
is mottled, with red, yellow or grey stippling. The 
spleen is enlarged, and moulded over the stomach, 
with granules nr nodules on the surface. A 
characteristic feature is pleural effusion which may 
he clear, abundant and straw coloured or, less often., 
bloodstained. Bacilli may be demonstrated 
microscopically in spleen smeare and heart blood- 
Culturcs may be made from the buboes, spleen, 
heart blood and particularly, from bone marrow in 
decomposed carcasses. 

In badly putrified carcasses, microscopy and 
culture may not be successful. The putrified tissue 
rubbed on the shaven abdomen of a guinea pig can 
infect the animal. Diagnosis may also be established 
by demonstrating the F-I antigen by immno- 
flumcscenr staining. 

In human bubonic plague, the bacilli may be 
readily demonstrated in buboes by microscopy. 
Culture or animal inoculation. Blood cultures ate 
often positive. 

In pneumonic plague, the bacilli can be 
demonstrated in the sputum by microscopy, culture 
or animal inoculmtion. 

Serological tests are sometimes useful in 
diagnosis. Antibodies to the FT antigen, may be 
detected by passive hemagglutination. Rise in titre 
of antibodies in paired sera, or titre of 128 or above 
in a single scram sample can be considered positive. 
IgG and IgM FI .I SA tests have been developed. 
PCR is a rapid and sensitive method for presumptive 
diagnosis of plague in clinical material and fleas. 
Prophylaxis: In the prevention of domestic 
plague, general measures such as control of fleas 
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Table 35.2 Some differentiating features aiMng Yersinia and Pasfoutella 


Y, perns Y. pitudotvbercufositY. zntcrtKQlitic*. P muJ'tocjdfi 


Motility at 22 


+■ 

+ 


Growth on MftcConkey'i agar 


* 

f 

_ 

Arid from sucrose 


__ 

+ 

* 

Add from maJrove 


* 

+ 


Indole 

# 


*■ 

+■ 

Oxidase 



_ 


Urease 

_ 

+ 

+■ 


Ornithine decarboxylase 

- 
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Y, cntCfOCalitica has been isolated from a wide 
range of domestic and wild animals and, in recent 
years, is increasingly being reported from human 
clinical material. It produces three types of disease 
in human beings. The fnSI type occurs in young 
children as selMimitcd gastroenteritis nr 
enterocolitis which may be either inflammatory or 
noninflammatory. The second is mesenteric adenitis 
and inflammatory terminal ileitis in older children 
that may mimic appendicitis. The third category is 
a systemic disease typically in adults, often 
characterised by bacteremia, meningitis, arthralgia 
or erythema nodosum. Persons belonging to HI .A 
- R 27 group are prone to develop reactive arthritis. 

Pasteurhlla Multocida 
(Formerly Pas truer J/a Septic*) 

A group of related bacteria isolated from 
hemorrhagic septicemia in a variety of animals and 
birds had, in the past, been named according to 
their species of origin—P. boywepbea, kp&cptic&y 
avweptka, etc. Though tbev show some degree of 
host specificity, they arc so aJik-e in other respects 
that they are now considered strains of a single 
species designated P inuhocidi, 

P. multocida is a non motile, Gfaiti negative 
bacillus generally resembling Vrtsrnhi but differing 
in being oxidase positive, producing indole and 
failing to grow on MacConkcy’s agar 

The bacillus is often carried in the upper 
respiratory tract of a variety of animals such as dogs. 


cats, rats, cattle and sheep, It may sometimes occur 
as ll commensal in the human respiratory tract also. 
Human infection is rare hut may occur following 
animal bites, or trauma. The clinical manifestations; 
may be local suppuration following animal bites 
{wound infection, cellulitis, abscess, osteomyelitis), 
meningitis following bead injury, respiratory tract 
infection [pneumonia, bronchitis, sinusitis) or 
appendicitis, and appendicial abscess. 

The bacillus is sensitive to tetracycline and 
streptomycin and most strains to peiiicilHn as well. 

F RANG I SELLA TULAREMSIS 
(PaSTEURELLA TULAAENStS, BRUCELLA 
TULAJtENSIs) 

This is the causative agent erf tularemia, a disease 
of rabbits and other rodents, originally described 
in Tulare county, California. Infection is transmitted 
by ticks and several other arthropod vectors. Human 
infection may occur by direct contact with infected 
rodents such as rabbits or through tint hires. It can 
also be acquired by ingestion of contaminated meat 
0 -r water and inhalation of infective aerosols. 

It is a minute, capsulated, nonmotile Gram 
negative hacillus, about 0.3-0.7 pm x 0.2 pltl in 
size. It rescmhlcs mycoplasma in being filterable 
and in multiplying by filament formation and 
budding, besides binary fission. In infected animals, 
it acre as an intracellular parasite, being found in 
large masses inside the liver and spleen cells. It has 
fastidious growth requirements and special media 
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such as Francis’ blood dextrose cystine agar have to 
He employed tor its inolition. Minute transparent 
colonics appear after incubation lor 3-5 days- 
Srrainstjf S, fir/arefifrjs have been subdivided into 
biotypes based on their virulence and 
epidemiological beliaviour. Highly virulent strains 
are found only in N. America., while strains nf lerw 
virulence arc seen in Europe and Asia also. 

In human beings, tularemia may present as ft 
local ulceration with lymphadenitis, a typhoid like 
fever with glandular enlargement or an influenza 


like respiratory infection.The disease may also be 
waterborne, as a result of water pollution by the 
excreta of infected rodents. The bacillus is highly 
infections and laboratory infection has been, quite 
common. Diagnosis may be made by culture or by 
inoculition into guinea pigs or mice, Agglutinating 
antibodies may be demonstrated in sera from 
patients. 

An attenuated vaccine is available which can 
be administered by scarification to persons who are 
subject to high risk of infection. 
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The genus J/aemupfriJus contains small, nannotil^ 
noniporing, oxidase positive, pleomorphic, Gram 
negative bacilli that are parasitic on human beings 
or antmnls. They are characterised by their 
requirement ofone or both of two accessory growth 
factor? (X and V) present in blood ( Haemophilus, 

meaning blood loving). 

Pfeiffer (1892) observed that a small, Cram 
negative bacillus was 'constantly present’ In the 
sputum of patients from the influenza pandemic of 
1889-92 and mistakenly proposed this as the 
causative agent of human influenza. This came to 
hr known as the 'influenza bacillus’ (Pfeiffer's 
bacillus), later renamed. Haemophilia, inSuea ate. 
The causal relationship between this bacillus and 
human influenza could not he substantiated and was 
finally disproved when Smith, Andrewes and 
L.aidlaw (1933) isolated the influenza virus. 

Haemophilus Influenzas 

(Influenza bacillus, Pfeiffer 'r bacillus) 

Morphology". H. influenzae is a small (1.0 pm 
* 0.3 pm), Cram negative,. nonmotile, nonsporing 
bacillus, exhibiting considerable ptenmorphis-m 

(Fig. 36.1). In sputum, it usually occurs as clusters 
of coceobucillary forms, while in the CSF from 
meningitis casus, long, bacillary and filamentous 
forms predominate. Cells from young cultures 
(18-24 hours) arc usually coccobacillary, while 
older cultures are distinctly pleomorphic. Strains 
isolated from acute infections are often capsulatcd. 

The bacilli are relatively difficult to stain. 
Staining for 5-15 minutes with Loeffler'i methylene 
blue or dilute carbol fuchsin gives good results. 


Cultural characteristics: The bacillus has 
fastidious growth requirements. The accessory 
growth factors, named X and V, present in hlood 
are essential for growth. The heat stable X factor 
is hemin or other porphyrins required for the 
synthesis of cytochrome and other heme enzymes 
such as catalase and peroxidase involved in aerobic 
respiration. The X factor is not required for 
anaerobic growth. The V factor was so named 
because it was originally thought to be a bacterial 
vitamin. It is hear labile being destroyed at 120 C C 
in a few minutes. It is present in red blood cells 
and in many other animal and plant cells. If is 
synthesised by some fungi and bacteria [tor example, 
Staph, aureus) in excess of their requirements and 
released into the surrounding medium. The V r factor 
is a toenzyme, nicotinamide adenine dinudentide 
(NAD) or NAD phosphate (NADP) which acts 
as a hydrogen acceptor in the metaholism of the 
cell. 

It is aerobic but grows anaerobically also, The 
optimum temperature is 37 D C„ It docs not grow 
below 20"C. Some strains require 10% CO t . It 
grows on Stood agar hut growth is scanty, is the V 
factor is not freely available, being imprisoned inside 
the red blood cells. Growth is, th eref ore, better if a 
source of the V factor is also provided. When Staph, 
■incus is streaked across a plate of hlood agar or 
which a specimen containing H , influenzae has 
been inoculated, after overnight incubation, the 
colonics of //, Influenzae will be targe and well 
developed alongside the streak of staphylococcus, 
and smaller farther away This phenomenon is called 
satellitism and demonstrates the dependence ot 
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if influenza on the V factor, which is available in 
high concentrations near the Staphylococcal growth 
bind only in s-maller quantities nway from it. This is 
a routine test in, clinical bacteriology for the 
identification of if influenzae (Fig 36.2), It is, 
however not very specific as ir will also be positive 
with other V factors requiring hemtiphili as well 
as with occasional strains of ncisscriae snd 
diphtheroids. 

When blood agar is heated to S0-9G °C or 
boiled for a few minu tes {boiled btood agar), the V 
factor is released from within the erythrocytes and 
lienee these media are suji'crior to plain blood agar 
fbr growing H. influenzae. Clear transparent media 
may he prepared by boiling and filtering a mixture 
of blood and nutrient broth (Lcvinthal's medium} 
or by adding a peptic digest of blood to nutrient 
agar (Fildes agar). Fildes agar is best for primary 
isolarion of H. jdfJiiitijUfae and gives a copious 
growth. Capsulafcd strains produce tramlusccnt 
colonies with a distinctive iridescence on Levinthal's 



Fig. 36. t H, intSueniw in ro ns fluid showing 
pleumorphiim 


agar, 

Biochemical reactions: Glucose and icyiose 
are fermented with acid production but not lactose, 
sucrose and mannitol. Catalase and oxidase 
reactions are positive. Nitrates are reduced to 
nitrites, Eight biotypes hai'e been identified! on the 
hasis of indole production, unease and ornithine 
decarboxylase activity. Biorype f is most frequently 
responsible for meningitis. 

Resistance: H. influenzae is a delicate 
bacterium, destroyed by heating (55 a C for 30 
minutes), refrigeration (0-4 T) h drying and 
disinfectants. In culture, the cells die within two nr 
three days due to autolysrs. Cultures may be 
preserved for about a month on chocolate agar 
slopes in screw capped bottles. For longterm 
preservation, the culture may be lyophiiiscd, 
\nligcrtic properties 'fhere are three major 
surface antigens - the capsular polysaccharide, the 
outer membrane proteins (()M P) and 
lipOoiigosacchzride {LOS). 



Fig- 36.2 Salellilism, H, are large 

near growth of staphylococcus, and smaller away 
Item ft. 
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The major antigenic determinant encapsulated 
strains is the capsular polysaccharide based on 
which H. influenzae strains have been classified 
by Pittman into sli capsular types — types a to £ 
Typing was originally done by agglutination hut 
other methods such as Quelhmg reaction, 
irrecipilalion, coagglutination, CIE and ELISA may 
also he used. Capsular typing is ol medical 
importance as about 95 per cent of H. influenzae 
isolates from acute invasive infections such as 
meningitis; belong to type b. Diagnostic kite for the 
identification of JJ r in flue nzje type b (Hib) *FC 
com mere [ally available. 

The type b capsular polysaccharide has a unique 
chemical structure, containing the pentose sugars 
ribos-e and ribitot instead of the hexoscs and 
hexosamines as in the other live semtvpes. The 
capsular potyribosyl ribitol phosphate (PRP) antigen 
of Hib induces IgG, IgM and IgA antibodies which 
are bactericidal, opsonic and protective. Hib PRP 
is therefore employed for immunisation. Hib 
capsular antigen shows cross reaction with the 
capsular antigens- oI some Crram positive and Oram 
negative bacteria. 

M. influenzae strains lacking a capsule can not 
be typed and are called 'nontypahle strains. Next 
to J lib, the nontypabic strains arc the most relevant 
in clinical infections. 

The outer membrane prowin antigens show 
considerable variation. OMP antigens of Hib 
have been classified into at least 13 subtypes. 
H. influenzae iipooligosaocharides are andgenicaily 
complex. OMP and LOS subtyping may be of 
epi demi o 1 i cal value. 

H. influenzae .is the first freeliving organism 
whose complete genome has been sequenoed. 
fLithogenicity: tf. irfflucuxac is an exclusively 
human pathogen. It k not naturally pathogenic for 
animals but mtraperiioneat inoculation of large 
doses is fatal in mice, guinea pigs and rabbits. 

Diseases due to H. influenzae may be considered 
under two groups, invasive and noninvasive diseases. 
In the first group, the bacillus acts as a primary 


pathogen, causing acute invasive infections.. The 
bacilli spread through blood, being protected from 
phagocytes by their capsule. Haemophilus 
meningitis is the most important infection in this 
group, others being I a ryn goep iglot ri ti s, 
conjunctivitis, bacteremia, pneumonia, arthritis, 
endocarditjs and pericarditis. These infections are 
usually seen in children and are caused by the 
eapsulaied strains, type b amnititing for most cases. 
In the second group, the bacillus spreads by local 
invasion along mucosal surfaces and causes 
secondary or superadded infections, usually of the 
respiratory tract,These include otitis media,sinusitis 
and exacerbations of chronic bronchitis and 
bronchiectasis. These are usually seen in adults and 
are often caused by the noncapsulated strains. 
McmrdhD: This is the most serious disease 
produced by H. influenzae with case fatality rates 
up to 90 per cent its the untreated. The bacilli reach 
fhe meninges from the nasopharynx through the 
bloodstream. The disease is more common in 
children between two months and three years of 
age. This age incidence has been correlated with 
the absence of bactericidal anti-PRP antibodies. 
Older children develop immunity as a result of 
subclinical infection. 1? has, been reported that in 
the tropics, non-type b strains may be responsible 
for meningitis more often than m chc temperate 
zones. 

I nO rlgncpigloltitP* (croup}: This ij an 
acute inflammation of the epiglottis, with 
obstructive laryngitis, seen in children above two 
years. Untreated cases may be fatal within hours. 
Tracheostomy is often necessary to relieve 
respiratory obstruction caused by the grossly 
enlarged uvula. This condition is always associated 
with bacteremia and blood cultures are usually 
positive. 

Tneuntcmia: Haemophilus pneumonia typically 
occurs in infants and is accompanied by empyema 
and sometimes meningitis well. In older 
children and adults, the picture is of lobar 
pneumonia. While these are primary infections due 
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the upper respiratory tract, Infection is transmitted 
by the respiratory route. Carriage in the upper 
respiratory tract is common particularly In young 
children but such strains arc usually noncapsulated 
and not responsible for acute invasive infection. 

Immunity is type Hpenific. As the large majority 
of serious infections are caused by type b strains, 
active iiprnnmsitiori with E [ib PRP vaccine is 
indicated. Purified PRP is imriuirsogenic in older 
children and adults. However, in Common with 
other polysaccharide antigens, PliP is poorly 
immunogenic in children below two years- Its 
uTimuoogcmdry can be improved by coupling with 
protein carriers like diphtheria and tetanus toxoids 
or meningncnccus outer membrane protein. Such 
conjugate Hib PRP are available for use in young 
children. 

Young household contacts of patients with 
systemic H. influenzae infection have increased risk 
of getting infected. Ilifajnpiuin given for four days 
prevents secondary infection in contacts and also 
eradicates carrier stare. 

..LI s A Li-it l J ill 8 

ik(K'h-lVt.xls r - bacillus, formerly H. atgypdcus) 
Even before Pfeiffer described the 'influenza 
hacillus', Koch (1383) had observed a small bacillus 
in conjunctivitis cases In Egypt. It was first cultivated 
by Weeks (1887) in New York and came to be 
known as KdclpWteks bacillus. Recent DNA 
studies have shown that the bacillus is identical 
with non-capsulated H. influenzae. Therefore, the 
former H. acgrpticiis has lost Its separate species 
status and is now considered as a biotype of It. 
inihtctl&K. It is worfdwi.de in distribution and causes 
■a highly conragious form of conjunctivitis ('pink 
eye'), Ir is especially common in the tropics and 
subtropics and may occur in epidemic forms. It 
responds to local sulphunurnideE or gentamicin. 

It has also been identified as the causative agent 
of Brazilian purpuric fever (BPF}, in which 
conjunctivitis proceeds to a fulminant septicemia 
in infums and children with high fatality. First 


recognised in Brazil in 1934, BPF is now endemic 
in South America. 

H.\t:Mrii j un.i s Out u I-yi 

Duerey (1890) demonstrated this bacillus in 
trhioCrotd lesions anti In inoculation into [he skin 
on the forearm, was able to transmit the lesion 
through several generations. 

Chancroid or soft sore is a venereal disease 
characterised by tender nomndurtlted irregular ulcers 
on the genitalia- 'litis infection remains localised, 
spreading only to the regional lymph nodes which 
are enlarged and painful. Autoinoculation lesions 
may be produced by contact.There is no immunity 
following infection but i hypersensitivity results, 
which cun be demonstrated by intradennal 
inoculation Oil killed hired It. 

If, ducreyi is a short, ovoid bacillus (1-1-5 pm 
* 0.6 inm) with a. tendency to occur in end. to end 
pairs or short chains. It is Gram negative but often 
may appear Gram positive and frequently shows 
bipolar staining. The bacilli may be arranged in 
small groups or whorls or in parallel chains giving 
a school of fish or 'rail road track' appearance. 

Primary isolation is difficult. It can be grown 
on fresh clotted rabbit blood. Smears made after 
24-48 hours incubation show tangled chains of 
had Hi. It may also lie grown On the chorioallantoic 
membrane of the chick embryo. On chocolate agar, 
enriched with isovitaiex and fetal calf serum, and 
containing vancomycin as a selective agent, H. 
ducreyi forms small, grey translucent colonics after 
incubation at 35 °C under 10 per cent CO, and 
high humidity in 2-8 days. 

The species is- antigcniczLIy homogeneous and 
cultures may he identified by agglutination with 
the antiserum, Intradermal inoculation of the culture 
into rabbits produces a local ulcerative lesion. 

H, ducreyi is susceptible to sulphonatnidcs and 
many antibiotics- Cases resistant to s-uLphonamideK. 
and tetracyclines have been reported. Erytbro' 
myein, corrimoxazole, ciprofloxacin or ceftriaxone 
may be used for treatment. 



Hidden page 



Bordetella 


co 


The genus HnrHctelta is named after Jules 
Bordet* who along with Genguu identified The 
small ovoid bacillus causing whooping cough* LSI 
die sputum of children suffering from the disease 
(1900} and succeeded in cultivating it in a 
complex medium (1906), The bacillus is now 
known as BardeteSh perFUSsrjS (perTtlfflis meaning 
intense cough), A related bacillus, Bard, 
parapertussis was isolated from mild cases of 
whooping cough ( 1937 )* Bard, bronchiseptica 
origin ally isolated, from dogs with broncho¬ 
pneumonia (1911) may occasionally infect human 
beings, producing a condition resembling pertussis. 
If has been suggested that fjord- brunch iscpftea 
represents the ancestral form from which the other 
two species have evolved. The fourth member of 
the genus is Bard, jtdum which causes reapiratoiy 
disease in turkeys. 

BoftueTBLLA PKKTUSS13 

(Bordet-Gengou bacillus; 
formerly HutulOpflihiS pertussis) 
Morphology: Bard pertussis is a small, ovoid 
cuceobaeillus (mean length 0.5 p). In primary- 
cultures, cells are of uniform size and shape but on 
subculture they mavhccnme longer and thread like. 
It is numnorile and nonsporlng. It is capsulated but 
tends to lose the capsule on repeated cultivation. 
The capsule can be demonstrated by special stains 
butdnxs not swell in the presence of the antiserum. 
In culture films* the baciLli tend to be arranged in 
loose clumps* with dear spaces in between giving 
a 'thumb print' appearance- Freshly isolated strains 
of Bard, pertussis have fimbriae, 


It is Gram negative. Bipolar me Achromatic 
granules may be demonstrated on staining with 
toluidine blue. 

Cultural charnel oris lies: It is aerobic. No 
growth occurs anaerobically. It grows best at 35- 
36 °C 

Complex media arc necessary for primary 
isolation- The medium in common use is the 
Bordet-Gengou glYCerine-potato-blood agar. Blood 
i s required not to provide additional nutritive factors 
but rather to neutralise inhibitory materials formed 
during bacterial growth. Charcoal or ion exchange 
resins incorporated in culture media may- serve the 
same purpose. Charcoal blood agar is a useful 
medium. It does not grow on simple media like 
nutrient agar. 

Growth is slow. After incubation for 4S-72 
hours, colonics on Bordet-Gengou medium are 
small* dome shaped, smooch, opaque, viscid* greyish 
white, retractile and glistening, resembling 'bisected 
pearls’ or 'mercury- drops'. Colonies arc surrounded 
by a haay zone of hemolysis. Confluent growth 
presenrs an 'aluminium paint' appearance. 

13jochCTTli 0 UI reactions; It is biochemically 
inactive. It docs nor ferment sugars, form indole, 
reduce nitrates, utilise citrate or split urea. It 
produces oxidase and usually catalase also. 
Resistance: It is a delicate organism, being 
killed readily by heat (55 ,:1 C for 30 minutes), diving 
and disinfectants. But unlike H. mAaenzoe it retains 
viability at low temperatures (0-4 rj C). 

Outside the body, Bard, pertussis in dried 
droplets is said to survive for five days on glass, 
three days on doth and a few hours cm paper- 
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Antigenic constituents and virulence 
factors: Several antigenic fractions and putative 
virulence factors have been described but their role 
in the pathogenesis of pertussis remains to be 
clarified. They include the tallowing: 

1 -Agglutinogens: Bordet ellae possess genus 
specific and species specific surface agglutinogens 
associated with the capsular K antigens or 
fimbriae. By agglutinin absorption tests, 14 
agglutinating factors have been identified. Factor 
7 is common to all three mammalian species of 
bordetellae, Factor 12 is specific for Bard, 
branch iseptica and Factor 14 lor Bond- 
parapertussis. Factors 1 to 6 arc found only in 
strains of Bond- pertussin, all of which carry Factor 
1 and one or mom of the other factors. Bordetellae 
are classified into various types based on the 
agglutinogens they carry. As strains causing 
infections belong to types 1 ,2 and 3, it is essential 
char pertussis vaccine strains should have factors 

1, 2 and 3 . Factor specific antibodies are present 
in the sera of convalescent and immunised 
persons. Agglutinogens promote virulence by 
helping bacteria to attach to respiratory epithelial 
cells. They are useful in serocyping strains and in 
epidemiological studies. 

2 , Perrussj's roxjn (PT): This is present only in 
Bond pertussis. It plays an important role in the 
pathogenesis of whooping cough, FT is expressed 
on the surface of the bacillus and secreted into 
the surrounding medium. The toxin exhibits 
diverse biological and biochemical activities, 
which formerly had been believed to be caused 
by different substances that had been named 
accordingly. Examples are the lymphocytosis 
producing factor or LPF causing profound 
lymphocytosis in pertussis patients as well as in 
experimental animals; and two effects seen only 
in experimental animals, but not in patients, such 

as the histamine sensitising factor or HSF 
responsible for heightened sensitivity to histamine 
in experimental animals, and the /sJet activating 
protein or I AF inducing excessive insulin secretion 


by the pancreatic islet cells. It is now known that 
all these are manifestations of the pertussis toxin, 
PT is a 117,000 molecular weight hexamer 
protein composed, of six subunits with an A-B 
structure (the A portion being the enzymatically 
active moiety and B the binding component), Jr 
can be toxoided, PT toxoid is the major component 
of acellular pertussis vaccines. Antibody to PT 
can protect mice against intranasal, irttraperitoncaJ 
or intracerebral challenge. 

3. Fdamattoos hetoaggfudttin (FHA)-. This is one 
of the three hemagglutinins produced by Bord . 
pertussin, the others being FT and a lipid factor. 
Purified FHA appears as a filamentous structure 
in the electron microscope and hence the name, 
it is present on the bacillary surface and is readily 
shed. It adheres to the cilia of respiratory 
epithelium and to erythrocytes. Besides facilitating 
adhesion of Bord. pertussis to respiratory 
epithelium, FHA and FT hemagglutinins also 
promote secondary infection by coating other 
bacteria Such as HacmQphihtS influenzae and 
pneumococci and assisting their binding to 
respiratory epithelium. TTiis.phenomenon has been 
termed piracy of adhesins. 

Antibody to FHA can protect mice against aerosol! 
challenge, FHA is used in acellular pertussis 
vaccines along with PT toxoid. 

4. Adenylate cyclase fdCj: All mammalian 
bordetellae but not Bord, amrm produce adenylate 
cyclase, At least two types of AC are known, only 

orte Of which has the ability to enter target cells 

and act as a toxin. This is known as AC toxin 
(ACT). It acts by catalysing the production of 
eAMP by various types of cells, 

5. Hear labile toxin (HLTJh. It is a cytoplasmic 
protein present in all bordctcllae. It is inactivated 
in 30 minutes at 56 °C. It is dermonecrotic and 
lethal in mice. Its pathogenic role IS not known. 

6. Tracheal c/totemn (TCT): It is a low molecular 
weight peptidoglycan produced by all bo-rdetelhc. 
It induces ciliary damage in hamster tracheal ring 
cultures and inhibition of DNA synthesis in 


Copyrighted material 


* Bordetella * 


341 


epithelial cell cultures. Its rule in disease is not 
known. 

Z Lipopnlyvaocharidc {LPS) or the heat stable 
toxin is present in at) hordetellae and exhibits 
features of Gram negative bacterial endotoxins. It 
is present in the whole cell pertussis vaccine but 
is not considered to be a protective antigen. 

8. /Vrfacrtn; Pcriactin is an outer membrane 
protein (OMP) antigen present in all virulent 
strains of B. pertussis- Mice immunized with 
pcrtsctln resist respiratory challenge with the 
bacillus. Antibody to pertactin ear be seen in the 
blood of children after infection or immunization. 
Peilact li i is included in acellular jvrtusMK vaccines. 
Variation: Bord, pertussis undergoes a smooch 
to rough variation. AH fresh isolates arc in the 
smooth form {Phase I). On subculture, they 
undergo progressive loss of surface antigens, and 
pass through phases II and III, finally becoming 
phase IV which is the rough, avinilcnt form, 

A reversible change in the capsular antigen has 
heen described as "modulation'. The bacillus may 
occur in one of three potential 'modes', X, I and C, 
each of which has a characteristic surface antigen. 
X, 1 and C refer to the colour of the confluent 
colonies on the Bordet-Gengou medium - X for 
Xifithic (yellow), C for cyanic {blue) and I for 
iofermeiJjare. Modulation is influenced by the 
nature of the culture medium. On the Bordet- 
Gengou medium, fresh isolates always occur in the 
X mode. 

Pathogenicity; Bordr pertussis is an obligate 
human parasite but infection can be produced 
experimentaUy in several species of animals, the 
white mouse being most often employed. Intranasal 
inoculation in mice induces a characteristic patchy 
interstitial pneumonia, histologically resembling the 
human disease. Intraperitoncal inoculation of large 
doses is fatal due ro toxemia. Intracerebral 
inoculation causes a fatal infection. Immunised mice 
arc protected. This forms the basis for the 
intracerebral mouse potency assay for pertussis 
vaccines. 


In human beings, after an incubation period of 
about 1-2 weeks, the disease takes a protracred 
course comprising three Stages - the catarrhal, 
paroxysmal and convalescent - each lasting 
approximately two weeks. The onset is insidious, 
wirh low grade fever, catarrhal symptoms and a dry 
irritating cough. Clinical diagnosis in the catarrhal 
stage is difficult. This is unfortunate as rhis is the 
stage at which the disease can he arrested by 
antibiotic treatment. This is also the stage of 
maximum infectivity. As the catarrhal stage 
advances to the paroxysmal stage, the cough 
increases in Intensity and comes on in distinctive 
bouts. During the paroxysm, the patient is subjected 
to violent spasms of continuous coughing, followed 
by a long inrush of air into the almost empty' lungs, 
with a characteristic whoop (hence rhe name). The 
paroxysmal stage is followed by convalescence, 
during which the frequency and severity of 
coughing gradually decrease. 

The disease usually lasts fi-H weeks though in 
some it may he very protracted. Complications may 
be 1) due to pressure effects during the violent bouts 
of coughing (subconjunctival hemorrhage, 
subcutaneous emphysema), 2) respiratory 
(broncho-pneumonia, lung collapse), or 3) 
neurological (convulsions, coma). Respiratory 
complications are self limited, the atelectasis 
resolving spontaneously but the neurological 
complications may result in permanent sequelae 
such as epilepsy, paralysis, retardation, blindness or 
deafness. 

The infection is limited to the respiratory tract 
and the bacilli do not invade the bloodstream. In 
the initial stages, the bacilli are confined to the 
nasopharynx, trachea and bronchi. Clumps of bacilli 
may be seen enmeshed in the cilia of the respiratory 
epithelium. As the disease progresses, inflammation 
extends into the lungs, producing a diffuse 
bronchopneumonia with desquamation of the 
alveolar epithelium. 

Blood changes in the disease are distinctive and 
helpful in diagnosis. A marked leucacytosis occurs, 
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Immunofluorescence is useful in identifying the 
bacillus in direct smears of clinical specimens and 
of cultures. The differentiating features of 
bordetellae ate listed in fable 37.1. 

Serological diagnosis is not helpful. Rise in 
antibody dire maybe demonstrated in paired serum 
samples by agglutination, gel precipitation or 
complement fixation tests. As antibodies appear late, 
the second simple of serum should be collected 
some weeks after the onset of fh-c disease. 
Demonstration of specific secretory IgA antibody 
in nasopharyngeal secretions by ELISA has been 
proposed as a diagnostic method m culture Eleg.Ui.Ve 
cases. 

Prophylaxis: Preventing the spread of infection 
by isolation of cases is seldom practicable, as 
infeclivity is highest in the earliest stage of the 
disease when clinical diagnosis is not easy. 

Specific immunisation with killed Bttrd. pertussis 
vaccine has been found very effective. If is of utmost 
importance to use a smooth phase I strain for 
vaccine production. The method nf inactivation 
should be such rhat antigenic potency is unaffected. 
Detoxication with 0.2% merthiolatc during several 
months' storage at 4 “C has been recommended as 
a satisfactory procedure,The alum absorbed vaccine 


produces better and more sustained protection and 
less reaction than the plain vaccines. Pertussis vaccine 
is usually administered in combination with 
diphtheria and tetanus toxoid {triple vaccine). Not 
only is this more convenient, but fjord, pertussis 
also acts as an adjuvant for the toxoids, producing 
better antibody response. 

In view of the high incidence and severity of 
the disease in the newborn, it is advisable to start 
immunisation as early as possible. Three injections 
at intervals of 4-6 weeks are to he given before the 
age of six months, followed by a booster at the end 
of the fin-t year of life. 

Children under four years who arc contacts of 
patients should receive a booster even if they had 
been previously immunised. They should also 
receive chemoprophylaxis with erythromycin. 
Nonimmunised contacts sbnu Id receive 
cmhromycm prophylaxis for ten days after contact 
with the patient has ceased. Pertussis vaccination 
may induce reactions ranging from local soreness 
and fever, to shock, convulsions and encephalopathy. 
Provocation poliomyelitis is a rare complication. 

Factors contributing to toxicity or postvaccinal 
encephalopathy have not heen defined. The latter 
complication is estimated to occur in one in 5-10 


Table 37-1 Differentiating features of Bn-rdetella species 



Bard, pertussis Bond. 

parapertussis Bord. branchisepicz 

Bord. avium 

Motility 

- 

- 

+■ 

4 

Growth on nutrient agsu 

- 

+ 

+■ 

4 

Growrh on Bordet-Gengou 

3—6 

1-2 

1 

1 

medium {day's) 





Urease 

- 

4 

4 

- 

Nitrate CO Eli trite 

- 

- 

4- 

- 

Citrate utilisation 

- 

V 

-I- 

V 

Oxidase 

-8- 

- 

+ 

4 

Toxins: 





HLT and TCT 

4 

* 

4 

4 

ACT 

4 

4 

4 

- 

PT 

4 

- 

- 

- 


V ■ Varinblc 
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million injections- Estimated neurnlogical 
complications of natural disease have ranged from 
1.5-14 per cent in hospitalised cases: a third of 
these recover, - 1 third ha.ve sequelae and a third die 

or have severe defects. 

If severe complications such as encephalopathy, 
seizures, shock or hyperpyrexia develop following 
the vaccine, subsequent doses of the vaccine are 
contraindicated. Routine pertussis vaccination is not 
advisable after the age of seven years as adverse 
reactions are liltelv and! the risk, of severe disease is 
low. Acellular vaccines containing the protective 
components of the pertussis bieiUus (PT k FI 1A, 
agglutinogens 1,2, 3), first developed in japan t ate 
now used in some other countries also as they cause 
far fewer reactions, particularly in older children. 
Both whole cell and acellular vaccines have a 
protection rate of about 90 per cent. With wliole 
celE vaccines, the protection declines Do 50 per cent in 
about five years and is absent after 12 ycare, The 
duration of protection with acellular vaccines is not 
known, Even fully immunised subjects may develop 
pertussis but the disease wilt be very mild in them. 


Treatment: Bard, pertussis is susceptible to 
several antibiotics (except penicillin) hut 
antimicrobial therapy is beneficial only if initiated 
within the first ten days of the disease. 
Erythromycin or one ol the newer macmltdes is 
the drug of choice. Chloramphenicol and 
cotrimoxazolc are also useful. 

Bordetella Parapertussis 

This is an infrequent cause of whooping cough. 
The disease is mild. The pertussis vaccine does not 
protect against Bond, pznpertugsss infection. 

Bordetella Brdxchisepteca 

(fldrtf. hrcmch turn is) 

This eh motile hy peritrichate flagella. It is 
antigenically related to BonJ. pertussis and Bmceliz 
abortus. It occurs naturally in the respirator tract 
of several species of animals. It lias been found to 
cause a very small proportion (0.1 per cent) ot CMW 
of whooping cough. 


Further Reading. 
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Friedman RL, 19l3£. F^rtvissis- The disease ;md new diagnoshc methttk. Cl'rt Macrofred ftec t;365, 
Gustaffson L et al. 19%. A controlled tnal of acellular pertussjs vaccines. Nnr Engi J Med. 333:349. 
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Brucella 


The genus Brucella consists of very small, 
rtumnotile, aerobic, Gran] negative coccuhacLlI] that 
grow poorly on ordinary media and have little or 
no fermentative powers, They arc strict parasites of 
animals and may also infect humans. 

Bruccllosis is a zoonosis, primarily affecting 
goats, sheep, cattle, buffaloes, pigs and other 
animals and transmitted to humans by contact with 
infected animaEs or through their products. The 
human disease was recognised along the 
Mediterranean littoral from very early times and 
has been known under various names such as 
Mediterranean fever,Malta fever andundulanr fever, 

A British. army doctor, David Bruce (18SG) 
isolated a small microorganism from the spleen of 
fatal cases in Malta and transmitted the disease to 
monkey's, experimentally'-This was named Brute!fa 
mctka&is (Brucella after Bruce, TiKlitcnsis after 
Mehta, the Roman name for Malta). A Maltese 
bacteriologist Zammit (1905) showed that Bn 
mc/Ftensr.swas transmitted tn humans by goat's milk. 
Following this, the disease was eliminated from 
British soldiers by prohibiting them from using 
goal's milk and milk products, while the disease 
remained undiminished in the civilian population, 
which continued to use them, Bang (1897) 
described Br. abortus-, the cause of contagious 
abortion in cattle. The third major species in the 
genus. Be aids was isolated byTraum (1914) from 
pigs in the USA. These three species cause human 
brucellosis. 

Other s-pecies causing animal infections include 
Br. cams, isolated from cases of canine abortion, 
Br. ows from abortion in sheep and Br, neotanuic 


from desert wood rats. Be cants may occasionally 
muse a ntihl human disease, but the other EWo are 
not pathogenic for humans. 

Morphology: Rruccllne are coccobacilli or short 
rods 0.5-0.7 pm * 0.6-1.5 pm in size, arranged 
singly or in short chains. The cells are so small 
that they may be mistaken tor cocci, as was done 
by Rmcc who called them Micnococcufr mc/ifensjs. 
In older cultures, irregular forms appear. They are 
no-nmorile, noncapsulated and nonsporing. They ate 
Gram negative and nonacid fast. Bipolar staining 
is not uncommon. 

Cultural characteristics: Brucellar are strict 
aerobes and do not grow anaerobically'. Br, abortus 
is capnophilie, many strains requiring 5-HWti CO, 
for growth. The optimum temperature is 37 "C 
(range 20-40 ^C) and pH 6.h-7.4. They may grow 
on simple media, though growth is slow and scanty'. 
Growth is improved by the addition of scrum or 
liver extract. Liver infusion media were widely used 
for the cultivation ofbrucellae. The media employed 
currently arc serum dextrose agar, serum potato 
infusion agar, trypricase soy agar, or tryptose agar. 
The addition of bacitracin, polymyxin and 
cycloheximide to the above media makes them 
selective. 

In liquid media, growth is uniform, and a 
powdery' or viscous deposit is formed in old cultures, 
On solid media, colonics arc small, moist, 
Translucent and glistening. Mucoid, smooth and 
rough types of colonies appear, associated with 
changes in antigenic structure and virulence, 

ErvthrLtoi has. a specially stimulating effect on 
the growth of brucellar. 
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l Vine! urn lie ill reactions: No carbohydrates are 
ordinarily fermented, though they possess oxidatii r e 

capacity. Brucellae are catalase positive* oxidase 
positive (except for Hr. JT-eotrwnaeand Br. oms which 
are negative) and urease positive. Nitrates arc 
reduced no nitrites. Citrate is not utilised. Indole is 
rot produced and MR and VP rests are negative. 
Resistance: Brueelke are destroyed by heat at 
60 "C in 10 minutes and by 1% phenol in 15 
minutes. They are killed by pasteurisation. They 
may survive in soil and manure for several weeks. 
They remain viable tor 10 days in refrigerated milk, 
one month in ice cream* four months i n butter and 
for varying periods in cheese depending on its pH. 
They may also survive for many weeks in meat. 
They are sensitive to direct sunlight and acid* and 
tend to die i r> buttermilk. Br. mehrensis may remain 
alive for six days in urine, sin weeks in dust and ten 
weeks in water. 

Antigenic structure: The somatic antigens of 
brucellae contain two main antigenic determinants, 
A and M which arc present in different amounts in 
the three major species, Br, abortus contains about 
20 rimes A as M: Br, nKlkrnsis about 20 times JVI 

SS A- Br- suiff has an intermediate antigenic pattern. 
Absorption of the minor antigenic component from 
an antiserum will leave most of the major antibody 
component and such absorbed A and M 
monospecific sera arc useful for species 
identification by the agglutination test. 'Hie species 
identification of brucella strains is not, however, so 
straightforward and strains are often seen that 
behave biochcm ically as abortus and serologically 
as melitensis and vice versa. Species and biorype 
identification depends on a variety of other factors 
besides antigenic structure (Table 38.1), 

Antigenic cross-reactions exist between 
brucellar and V. cholerae and persons receiving 
the cholera vaccine may develop brucella agglutinins 
lasting for about three years. Antigenic cross- 
reactions also exist with E. Coii 0:116; 0:1x7, 
Salmonella serotypes group N (0:.1Q antigen 
Kauffman and White), J^s. mahoph j"ha* V. 


enrerocoJiraca and F. ntJMm uls. A superficial L. 
antigen resembling Salmonella Vi antigen has been 
described. 

RruCclUl huLteriophiage: Several bacteriu 
phages that lyse the Brucella strains have been 
isolated. All these phages arc serologically similar. 
The Thlis] (Tb) phage has been designated as the 
reference phage and at R'fD lyses only Ur aborfus. 
Br. sens is lysed at 10*000 R I'D, while Br mchtcnsis 
is not lysed at all. 

Clnssilicalilin: Bruccllae may be classified into 
different species, based on CO, requirements, 
production, sensitivity to dyes {basic fueh&in and 
thionio), agglutination by monospecific vena, phage 
Ivsis and nxidafivc metabolic tests with amino adds 

I 

and carbohydrates, The three major species are Ur, 
mslitenxix, Br. abortus, infecting primarily goats or 
sheep, cartle and swine, respectively. Many biotypes 
have been recognised in these species. 

Br. Sitis strains that produce H..S are known as 
'American' strains and those that do not as 'Danish' 
strains. 

Pathogenicity: All three major species of 
brucellae are pathogenic to human beings. Br, 
meiitensis is the most pathogenic, Br. abortus and 

Br. stiis of intermediate pathogenicity. The 
incubation period is usually about 10—30 days, but 
may sometimes be very prolonged- Human infection 
may be of three types: 

1. latent infection with only serological but no 
clinical evidence; 

2. acute or subacute brucellosis; and 

3. chronic brucellosis. 

Acute brucellosis is mostly due to Br. melitensis. 
(It is usually known as undulant fever, hut this is 
misleading as only some cases show the undulanr 
pattern.) It is associated with prolonged bacteremia 
and irregular fever. The symptomatology is varied, 
consisting of muscular and articular pains, asthmatic 
attacks, nocturnal drenching sweats, exhaustion, 
anorexia, constipation, nervous irritability and ebltls- 
Tbe usual complications are articular, OSSEOUS, 
visceral nr neurological. 
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Laboratory method* tor diagnosis include culture, 

serology and hrperKCTtsifi vity tests. 

Blood culture is the most definitive method for 
the diagnosis of brucellosis. Blood is inoculated 

into a brittle of fryptiqase soy broth and Incubated 

at 37 °C under 5-10W CO,. As bacteria in blood 
are usually scanty; large volumes of blood 1,5 ml) 

should he inoculated. Subcultures art* made on solid 
media, every 3-5 day®, beginning on the fourth day, 
Growth mav often he delayed and cultures should 
not be declared negative In less than 6-8 weeks, 
BACTEC cultures may become positive in 5 to 6 
days. 

The Castaneda method of blood culture has 
several advantages and is recommended. Here, both 
liquid and solid media are available in the same 
bottle- The blood is inoculated into the broth and 
the bottle intubated in the upright position. For 
subculture, it i« sufficient if the bottle is tilted so 
that the broth flows over the surface of the agar 
slant. It is again incubated in an upright position. 
Colonies appear on the slant. This method 
minim inks materials and manipulation, reducing 
chances of contamination and risk of infec tion to 
laboratory workers, 

Blood cultures arc positive only in about 30-50 
per cent of cases, even when repeated samples are 
rested. Br. nwljfcnsji and Ur. suis are isolated more 
readily than Br. abortus. Bone marrow cultures yield 
a higher rare of isolation and remain positive long 
after the blood culture has become negative. 
Cultures may also be obtained from lymph nodes, 
cerebrospinal fluid, urine and abscesses, if present, 
and, on occasion, also from sputum, breast milk, 
vaginal discharges and seminal fluid. 

As cultures are often unsuccessful, serological 
methods are important in diagnosis. Several 
serological tests have been developed, including 
agglutination, complement fixation and ELISA, 

The standard agglutination test (SA1 : is 
performed most often. This : s a tube agglutination 
test' in which equal volumes of serial dilutions of 
tire pacifist's serum and the standardised antigen (a 


killed suspension of a standard strain of Br- abortus) 
arc mixed and incubated at .1? C for 24 hours or 
50 3 C tor IS hours. A titre of 160 or more it 
considered significant- Most patients with acute 
brucellosis develop rirres of 640 or more by 3-4 
weeks of illness, 1 dies tend to decline after the 
acute phase of the illness, 

Several sources oi error have to be guarded 
against, Sera often, contain ‘blocking’ or 
'nonagglutinating 1 antibodies. The blocking efleet 
may sometimes be removed by prior heating of the 
serum at 55 °C for 30 minutes nr by using 4% saline 
as the diluent for the test. The most reliable method 
for obviating the blocking effect and detecting the 
'incomplete' antibodies is the antiglohu Ii n {Coombs.) 
test. As the pmotone phenomenon to high litres 
(upro 1/640) is very frequent in brucellosis, it is 
essential that severe! serum dilutions he tested- A 
positive agglutination test may Ire produced by 
cholera, tularemia nr yersinia infection, or 
immunisation. Cholera induced agglutinins mav be 
differentiated by the agglutinin absorption test and 
also a® they are removed by treatment with 2- 
mercapto-ethanol. in order that results from 
different laboratories are comparable, it is the 
practice to express agglutinin litres in international 
Units- 'Hiis is done by using a standard reference 
serum for comparison. 

In brucellosis, both IgM and IgG antibodies 
appear in 7-10 days after the onset of clinical 
infection. As the disease progresses, IgM antibodies 
decline, while tire IgG antibodies persist or increase 
in tisre. In chronic infections, IgM mav often be 
absent and only IgG can be demonstrated, The 
agglutination re it identifies mainly the TgM 
antibody, while both IgM and IgG Flx complement, 
The IgG and IgA antibodies may act as ‘blocking’ 
or 'nonagglutinating' antibodies. It is thus evident 
that the agglutination test is usually positive in acute 
infection but may be only weakly positive or even 
negative in chronic cases. The results of the 
agglutination tests therefore have [o be evaluated 
carefully. While a high titre of agglutinins, and 
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especially demonstration of a, rise in litre, can be 
taken as diagnostic, even a negative agglutination 
test m ay not exclude the possibility of brucellosis. 

The complement fixation test is more useful in 
chronic cases as it detects IgG antibody also. 
ELISA is sensitive, specific and can detect IgM 
and IgG antibody separately If is therefore useful 
for differentiation between the acute and chronic 
phases, of brucellosis and also for screening large 
numbers of sera. 

Delayed hypersensitivity type skin tests with 
brucella antigens (‘brucellins') are not useful in 
diagnosing acute brucellosis. They parallel the 
tuberculin test in indicating only prior sensitisation 
with the antigens, and may remain positive for years. 
Brucellin testing may lead to a me in tide of antibodies. 

The methods used for the laboratory diagnosis 
of human brucellosis may also be employed far the 
diagnosis of animal infections. In addition, brucellae 
may be demonstrated microscopically i(l 
pathological specimens by suitable staining or by 
immunofluorescence- Several rapid methods have 
been employed for the detection of brucellosis in 
herds of cattle. These Include the rapid plate 
fijgffunjMUQit ter and the Rose Bengal card ter. 
For the detection of infected animals in dairies, 
pooled milk samples may be tested for bacilli by 
Culture and for antibodies by several techniques. Ira 


the miik ring test a sample of whole milk is mixed 
well wish a drop of the stained brucella antigen (a 
concentrated suspension of killed Br. afwrtu? stained 
with hematoxylin) and incubated in a water bath 
at 70 a C for 40-50 minu res, If antibodies are present 
in the milk; the bacilli ate agglutinated and rise 
with the cream to form a blue ring at the top. 
leaving the milk unstained. If antibodies arc absent, 
no coloured ting is formed and the milk remains 
uniformly blue. The whey agglutination test is 
another useful method tor detecting the antibodies 
in nuiL 

Proph y I axis: As the majority of human 
infections are acquired by consumption of 
contaminated milk, prevention consists of checking 
brucellosis in dairy animals. In many advanced 
countries, this is achieved by the detection of 
infected animals, their elimination by slaughter and 
the development of certified brucella-free Herds. 
Pasteurisation of milk is an additional safeguard- 
Vaccines have been, developed for use in animals. 
Br. abortus strain vaccine is protective in cattle. 
No suitable vaccine is available for human use. 
Treatment: The usual regimen is a combination 
of doscycydine for 45 dap with streprotnycin IM 
daily for the first 2 weeks ifl adults, and in 
children cotfimootazole along with rifampiein or 
gentampn. 


Further lluadin^ 

Corbel MJ. 1947. Brucellosis, an overview. Emeqpng Infect Din. 3:No. 2. 

Curb?! MJ. 1947. V*n;inw againvt bacteria] itotiwb- J Med Mirmbwl 46:267., 

£xpai Commiiiu on BrucdlosLi. 1986. Sixth Report, Technical Report Seeks fs'u. 740. G«iwrt:WHO. 
Young Ej. 1995. An overview of human foruedlosis. Clin Inika JDS*. 21:283. 


f riqh 


tOC 


aterial 



O) 

CO 


Mycobacterium I: Tuberculosis 


Mycobacteria are stemier radii that sometimes 
show branching filamentous forms resembling 
fungal mycelium. In liquid cultures they form a 
mold-like pellicle. Hence the name 'mycobacteria", 
meaning frmgusdikc bacteria. They do not stain 
readily, but once stained, resist decolonisation with 
dilute mineral acids. Mycobacteria are therefore 
called ‘acid fast bacilli’ or AFB. They are aerobic, 
non motile, noncapsulated and nonspoting, Growth 
is generally slow. The genus includes obligate 
parasites, opportunistic pathogens, and saprophytes. 

The fi(ft member of this genus to be identified 
was the lepra bacillus discovered by Hansen in 1368. 
Koch £1382) isolated the mammalian tubercle 

bacillus and proved its causative role in tuberculosis 

by satisfying Kochs postulates. Tuberculosis in 
humus was subsequently shown to be caused by 
two types ot the bacillus—the human and bovine 
types, designated, Mycobacterium fubcrcuiW? and 
Mr bends, respectively. The term M. tuberculosis 
complex includes, besides the human and bovine types, 
two other mammalian types also: M. a/ricamini 
causing human tuberculosis in tropica] Africa and. 
possessing properties intermediate between human 
and bovine types, and M. microti (the vole bacillus 
pathogenic for voles and other small mammals but 
not for humans). 

The second human pathogenic mycobacterium 
is the lepra bacillus causing leprosy. Though this 
was the mycobacterium first described, it is the least 
understood because it has not been possible to 
convincingly culture it in vitro so far. 

The third group of mycobacterium is a mixed 
group of isolates from diverse sources; from birds. 


cold blooded and warm blooded animals, from skin 
ulcers, and from soil, water and other environmental 
sources. They were initially called atypical 
mycohateria and broadly categorised into four 
categories: photochromogens, scotochromogens, 
non-phoiochromogeris and sapid growers, baaed on 
their growth rates and pigmentation. They are 
opportunistic pathogens and can lead to many types 
of diseases; they arc described in Chapter 40. 

Saprophytic mycobacteria were isolated from a 
number of sources. These included AT butyrievm 
from butter, Af phki from grass., Al s’fercorjs from 
dung and Af. smegmaris from smegma. (Contrary 
to common belief, Af. smeginarfr is seldom found 
in smegma, though other rapidly growing 
mycobacteria occur frequcnly there, contaminating 
urine cultures). 

MYCOBACTERIUM TUBERCULOSIS 

Morphology: Af ftibemi/os.fs is a straight or 
slighdy curved nod, about 3 pm x 0,3 pm, occurring 

singly, in pairs or us small clumps. The size depends 
on conditions of growth, and long filamentous, club 
shaped and branching forms may be sometimes seen. 

Af. btnis is usually str lighter, shorter and stouter. 

Tubercle bacilli have been described as Gram 
positive, though strictly speaking this is not correct, 
as after staining with basic dyes they resist 
decolourisation by alcohol even without the 
mordanting effect of iodine. When stained with 
carbol fuchsin by the Zicbl-Nedscn method or by 
fluorescent dyes (auramine O, rhodamine), they 
resist docolourisatipn by 20 per cent sulphuric acid 
and absolute alcohol for 10 minutes (acid and 
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alcohol fast). A ■rid fast new has been ascribed 
various])* iu the presence in the bacillus of am 
unsapo niff able wax [myeolok acid) or to a 
semj perm cable membrane around the eel], It is 
related to the integrity of the cell and appears to be 
a property of the lipid-rich waxy cell wall. Staining 
may be uniform or granular. Beaded or barred forms 
are frequently seen in M. rubmuJtMrs, but M, bovis 
stains more uniformly 

E lectron micrographs of thin sections show that 
the thick cell wall is Composed of three layers 
enclosing a trilaminar plasma membrane. 
Sph crop lasts are formed when grown in the 
presence of lysozyme. L-forms are also seen. 

Cultural eharasriertettes.: The bacilli grow 
slowly, the generation time ill vitro being 14—15 
hours. Colonies appear in about two weeks and mav 
someripics take up to cipht weeks- Optimum 
temperature is 37 11 C and growth docs nor occur 
below 25 °C or above 40 ,J C, Optimum pll is 6,4- 
7.(1; M. tuberculosis is an obligate aerobe, while 
M. bovis is mjcroaeraplnlic on primary' isolation, 
becoming aerobic on subculture, M„ tuberculosis 
grows luxuriantly in culture as compared to M. herns 
which grows, sparsely. They are therefore termed 
njgonfo and dysgonic respectively. The addition of 
0.5% glycerol improves the growth of M. 
IuberCtil(fsh s hut has no effect on or may even 
impair the growth of A 1. J»ra. Sodium pyruvate 
helps the growth of both types. Human tubercle 
bacilli do not grow in presence of L-nitrobenzoic 
acid, unlike other slow growing noiichrornogenjs. 

Tnherelt bacilli Ho not have exacting growth 
requirements but arc highly susceptible even to 
traces at toxic substances like fatty acids in culture 
media. The toxicity is neutralised by serum albumin 
or charcoal. Koch originally grew the bacillus on 
hear coagulated bovine serum. Several media, both 
solid and liquid have been described for the 
cultivation of tubercle bacilli. The solid media 
contain egg (Lowenstein"-Jetisen, Petragnini, 
Dorset), blood (Tarshis), serum (Loeffler) or potato 
(Pawlowsky). The solid medium most widely 


employed for routine culture is Lowenstcirv-Jcnsen 
(L|) medium without starch, as recommeitded by 
the Internationa] Union Against Tuberculosis 
[IUAT). This consists of coagulated hens" egg, 

mineral salt solution, asparagine and malachite 
green, she last acting as a selective agent inhibiting 
other bacteria. Among the several liquid media 
described, Dubes’, Middlebrook's, Proskauer and 
Beck’s, Solas and SautonV media, are the more 
common. Liquid media are not generally employed 
for routine cultivation, but are used for sensitivity 
testing, chemical analyses and preparation of 
antigens and vaccines-. 

On solid media, M, fuberaj/osis forms dry, 
rough, raised, irregular colonies with a wrinkled 
surface. They are creamy whi tc h becoming yellowish 
or buff coloured on further incubation. They are 
tenacious and not easily emulsified. M, bovis 
colonies, in comparison are flat, smooth, moist, 
white and break up easily when touched. 

In liquid media without dispersing agents the 
growth begins at the bottom, creeps up the sides 
and forms a prominent surface pellicle which may 
extend along the sides above rhe medium. Diffuse 
growth is obtained in Dubes’ medium containing 
[ween-80 (sorbilun monookrate). Virulent strains 
tend to form long serpentine cords in liquid media, 
while a virulent strains grow in a more dispersed 
manner. The cord factor itself is not a virulence 
factor as it is present in some avirutene attains as 
well. 

it t?$jstance: Mycobacteria arc not specially heat 
resistant, being killed at 6() °C in 15—70 minutes. 
Survival is influenced by the material in which 
the bacteria are present. Cultures may he killed by 
exposure to direct sunlight for two hours, but bacilli 
in sputum may remain alive for 30—30 hours. Bacilli 
in droplet nuclei may retain viability for 8-10 days 
tinder suitable conditions. Cultures remain viable 
ar room temperature for 6-8 months and rray be 
stored for up to two years at -20 "C, 

Tubercle bacilli are relatively resistant to 
chemical disinfectants, surviving exposure to 5% 
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phenol, 15% stdphuric acid, 3% nitric acid, 5% 
oxalic acid and 4% sodium hydroxide. They are 
sensitive to formaldehyde and glutctaldehyde, They 
are destroyed by tincture of iodine in five minutes 
and by 80% ethanol in 2-10 minutes- Ethanol is a 
suitable disinfectant for skin, gloves and clinical 
thermometers. 

Biochemical reactions 

Several biochemical tests have been described 
for the identification of mycobacterial species, 
Niacin text Human tubercle bacilli form niacin 
when jfruwn on an egg medium. When 10% 
cyanogen bromide and 4% aniline in %% ethanol 
arc added to a suspension of the culture, a canary 
veil™' colour indicates a positive reaction. The test 
is positive with human type and negative with 
bovine type of bacilli. The test is useful in 
identifying human strains as no other 
mycobacterium is positive,, except for M, simittc 
and a few strains of M. chcloneii. 

Aryl sulphatase (esh This test ls positive only 
with atypical mycabaeieria.The bacilli are grown 
in a medium containing 0.001 M tripotassium 
phenolphthalcin disulphate. 2 N. NaOM is added 
drop by drop to the culture, A pink colour indicates 
a positive reaction. 

Neutral red test; Virulent strains of tubercle 
bacilli are able to bind neutral red in alkaline buffer 
solution, while avirulent strains are unable to do 

50- 

Cpla I ase-Peroxidase tests; These help in 
differentiating tubercle bacilli from atypical 
mycobacteria and provide an indication of the 
ncns-irLtrilrv of the Rtrain tri isOCtiaXfd, Most atypic al 
mycubuLtcrial strains arc Strongly catalase positive,, 
while tubercle bacilli are only weakly positive in 
comparison. On the other hand, tubercle bacilli 
are peroxidase positive, hut not atypical 
mycobacteria, Catalase and peroxidase activities arc 
lost when tubercle bacilli become 1NH resistant. 
Catalase negative strains of tubercle bacilli ate not 
virulent for guinea pigs. 

A mixture of equal volumes of 30 vol. H^Oj 


and 0.2% catechol in distilled water is added to 
5 ml of the test culture and, allowed to stand for 
few minutes. Effervescence indicates catalase 
production and browning indicates peroxidase 
activity, 

Am id a sc tests; The ability ro split amides has 
been used to differentiate mycobacteria- A useful 
pattern is provided by testing five amides, viz,, 
acetamide, benzamide, carbamide, nicotinamide and 

pyrazinamide, A 0.00165 M solution of the amide 
is incubated with the bacillary suspension at 37 °C 
and 0.1 ml of MnSO + .4 H,0, 1.0 ml of’ phenol 
solution and 0.5 ml of hypochlorite solution arc 
added, The tubes are placed in boiling water for 
20 minutes. A blue colour indicates a positive test. 
Nitrate reduction lest; 'iTiis is positive with 
M, tuberculosis and negative with M. bovis. 
Antigenic properties: Many antigens have 
heen identified in mycobacteria- Group specificity 
is due to polysaccharide and type specificity to 
prorein antigens. Following infection by tubercle 
bacilli* delayed hypersensitivty is developed to the 
hacilJary protein (tuberculin). Tuberculins from 
human, bovine and murine bacilli appear to be 
indistinguishable. Some degree of antigenic 
relationship exists between tubercle bacilli and 
atypical mycobacteria, as shown by weak cross 
reactions in skin testing with different tuberculins. 
There is also some antigenic relationship between 
lepra and tubercle bacilli. 

13y various serological tests it has been 
established that M. ruhercu/osi^ strains ire 
antigcnically homogeneous and very similar to 
AT. bonk and Mr mfcjotr, bur distinct from other 
species. Antibodies against polysaccharide, protein 
and phosphatide antigens of tubercle bacilli have 
been demonstrated in sera of patients, but they have 
not been found useful in diagnosis or relevant in 
immunity. 

Bacteriophage: Many mycobacteriophages 
have been isolated from soil, water and other 
environmental sources as well as from lysogenic 
strains. Many mycobacteria infected with temperate 
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phases arc not truly Lysogenic, Instead of bring 
integrated with chi bacterial chromosome, the 
phage genome appears fie*, like a plasmid, This is 
called psevdohtageny. 

Tubercle bacilli have been classified into four 
phage types—A, B, C, and a type intermediate 
between A and B, and therefore designated I (for 
'intermediate'). Phage type A is the commonest and 
is present worldwide. Type B is common in Europe 
and N, America. Type C ts seen rarely. Type 1 is 
common in India and neighbouring countries. 

Phage 33 D isolated from an environmental 
mycobacterium lyses all variants of M. iuAbeuIhh^ 
but not BCG. 

Bartering ins; M, tuberculosis is divisible into 
two types hy means of bacceriocins produced by 
rapidly growing mycobacteria. 

Molecular typing: DMA fingerprinting 
provides a method for differentiating between 
strains of tubercle badilL Restriction endonulease 
treatment yields nucleic acid fragments of varying 
lengthen the patterns of which are Strain Specific, 
This ‘restriction fragment length polymorphism 1 
(RFJLP} enables strain typing for epidemiological 
purposes. Fingerprinting can also be done with a 

chromosomal insertion sequence, IS 6110, which 
is present in most strains of tubercle bacilli. 

As the entire genome of tubercle bacillus has 
been sequenced, more molecular typing methods 
may become available. 

Host ranj*c: M. fubercWosiff causes natural 
infection in humans, other primates, dogs and some 
Other animals which have close Contact with 
humans. Experimentally it is highly infectious for 
guinea pigs and hamsters, but virtually 
nonpathogenic for rabbits, cats, goats, bovmes and 
fowl. Mice arc moderately susceptible and develop 
progressive infection following intraperitoneal, 
intravenous or intracerebral inoculation. Variation 
in virulence among strains is frequent, Isolates from 
cutaneous and urogenital tuberculosis are often of 
low virulence for experimental animals. 

Af. bovis is more pathogenic for animals. It 


produces tuberculosis in cattle, humans, other 
primates, carnivores including dogs and cats, 
badgers, swine, parrots and some birds of prey. 
Experimentally it is highly pathogenic for guinea 
pigs and calves, moderately pathogenic for dogs, 
cats, horses and rats, and nonpathogeme for fowl. 
BCG, the tuberculous vaccine, is an attenuated strain 
of M bovis. 

Strains of tubercle haeilli isolated from parts of 
Africa, that show properties intermediate between 
human and bovine types have been called African 
strains’or M. ifncamim, The name Msian type "his 
been given to strains of tubercle bacilli originally 
isolated from south India, which are of low virulence 
for guinea pigs, susceptible to hydrogen peroxide, 
isoniazid sensitive and usually of phage type L Such 
strains have also been isolated from some other 
Asian countries and from Asian expatriates abroad. 
Though species names are sometimes used for 
different varieties of tubercle bacilli infecting 
humans, they are not considered independent 
entities, but only variants of the M. tuberculosis 
complex. 

M. microri is a natural pathogen of voles, It 
does not cause natural inf ection in humans, but can 
cause ulcers after experimental infection, Because 
it is antigenkally identical with human tubercle 
bacilli, it was tried as a substitute for BCG for 
human vaccination. It was given up because of 
serious local reactions. 

Pathogenesis: The source of infection is usually 
an open case of pulmonary tuberculosis. It is 
estimated that an open case of tuberculosis in India 
may infect on an average some 25 contacts before 
death or cure. Other forms of tuberculosis are of 
much less importance in public health. The mode 
of infection is by direct inhalation of aerosolized 
bacilli Contained in droplet nuclei of expectorated 
sputum. Coughing, sneezing and speaking release 
numerous droplets—as many as 3000 infectious 
nuclei per cough. Dried bacilli in dust arc much 
less infectious. Spread omits most often among 
household or other close and prolonged contacts 
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Instead there: ls widespread dissemination of lesions 
in the lungs and other organs. 

Epidemiology: Tuberculosis is an ancient 
disease. Evidence of spinal tuberculosis is present 
in some Egyptian mummies. Tubercle bacillus 
I )NA has been detected by molecular analysis in a 
mummy dated circa 1550-1080 &C, Tuberculosis 
has been for many centuries the most important of 
human infections, in its global prevalence, 
devastating morbidity and massive mortality. It has 
been called the "while plague’ and 'the captain of 
all the men of death'. 

It is estimated that a third of the world’s 
population, about two billion people are infected 
with tubercle bacilli. Every year between eight and 
nine million new cases of tuberculosis appear and 
three million persons die from the disease. The 
large majority of the cases and deaths arc from the 
poor nations. India is one of the worst affected 
countries. More than 40 per cent of the population 
are infected and some 15 mil lion suffer from 
tuberculosis In the country, of whom over three 
million are highly infectious npen cases. Half a 
million people die from the disease every year in 
India—one every minute. 

Poverty and tuberculosis go together. With 
improvements in standards of living, tuberculosis 
had declined rapidly in the affluent nations, though 
it continued unabated in the poor countries. Hut 
with the progress of the AIDS pandemic, 
tuberculosis became a problem for the rich nations 
also, with cases and even outbreaks among the JILV 
injected. A close relationship has emerged between 
tuberculosis and HIV, Not only does HIV infection 
reactivate a latent tuberculosis infection, but it also 
makes the disease more serious and renders 
treatment ineffective. Tuberculosis in turn may 
hasten the developmcn t of HIV i nfection i nto active 
disease, A third complication chat lias made the 
situation more grave is the emergence anti spread 
of multiple drug resistance among tubercle bacilli. 
So serious is the global threat of tuberculosis 
combined with multidrug resistance and 


concomitant 11IV infection that the World Health 
Organisation in 1W3 look the unprecedented Step 
of declaring this disease a global emergency. 

Human infection with AJ. bovis used to be 
common, worldwide. In many advanced countries, 
as in the UK it ha-s been almost eliminated by 
regular tuberculin testing of herds and slaughter of 
affected cattle. The Infection spreads between 
animals through aerosolized bacilli in moist cough 
sprays, A few infected cows shed the bacilli in milk, 
which is infectious in humans when consumed raw. 
The primary infection, mostly in children would 
occur in the cervical, and mesenteric lymph nodes, 
tyoiTs where it could spread to bone and joints and 
other extrapulnidnary sites. Human infection with 
M. bovis could be prevented by drinking only 
pasteurised or heated milk. Person-to-person 
transmission of of At. hours is very rare. 
Laboratory diagnosis: Laboratory diagnosis 
of tuberculosis may be established by demonstrating 
the bacillus in the lesion by microscopy, isolating 
it in culture or by transmitting the infection to 
experimental animals. Demonstration of 
hypersensitivity to tubcneuloprotcin maybe helpful 
in some cases. Molecular diagnostic methods have 
also been introduced- 

Pt.il.MuNA tci TlJBKkCliLnslS 

The specimen tested is the sputum. Bacillary 
shedding in sputum is ahundant in cases with 
caseation, but relatively scanty in organised lesions 
that do not communicate with airways. Sputum ls 
best collected in the morning before any meal. If 
sptttum is scanty, a 24-hour sample may be tested. 
Sputum sampling on three days increases chances 
of detection. Where sputum Is not available, 
laryngeal swabs nr bronchial washings may he 
collected. In small children who tend to swallow 
the sputum, gastric lavage can be examined. 
Microscopy: Direct nr concentration smears of 
sputum arc examined. Sputum microscopy is the 
most reliable single method in diagnosis and control 
of tuberculosis. New slides should be used for 
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smears and they should not be reused, as acid fast 
bas/illi may not always He removed from slides, hy 
cleaning. Smears should be prepared from the thick 
purulent part of the sputum. Smears are dried, hear 
fixed and stained by the Zichl-Ncclsen technique. 
Thc smear is covered with strong carbol fuchsin 
and gently heated to steaming for 5-7 minutes, 
without letting the stain boil and become dry. The 
slide is then washed with water and decolourised 
with 20% sulphuric acid till no more stain comes 
off aiid then with 95% ethanol For two minutes. 
Dceolourisation may be carried out as a single step 
with add alcohol (3% HC1 in 95% ethanol). After 
washing, the smear is counts retained with Loefilcrs 
methylene blue, 1% picric add or 0.2% malachite 
green for one minute. Under the oil immersion 
objective, acid fast bacilli ate seen as bright red 
rods while the background is blue, yellow or green 
depending on the counter-stain used- At least 10,000 
acid fast bacilli should be present per ml of sputum 
for them to he readily demonstrable in direct smears. 
A negative report should not be given till at least 
300 fields have been examined, taking about 10 
minutes. A positive report can be given only if two 
or more typical bacilli have been seen. Smears are 
graded depending on the number of bacilli seen: 
(Table 39.1) 

When several smears are to be examined daily, 
it is more convenient to use fluorescent microscopy. 
Smears are stained with auraminc phenol or 
Table 39.1 ZN smear evaluation and AFB report 


No. of 
AFB 

Seen in 

(oil immersion field) 

Report 

0 

300 F 

AFB not seen 

1 - 2 

300 F 

Doubtful. 

1 -9 

100 F 

repeaT smear 

1 + 

1 -9 

10F 

2 + 

1 ^9 

IF 

3 + 

10 or more 

IF 

4 + 


NB; F-oit immersion held 
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auramine rhodaminc fluorescent dyes and when 
examined under ultraviolet illurtnnation, the ba cilli 
will appear as bright rods against a dark 
background. Because of the contrast, the bacilli can 
be seen even under the high dry objective, enabling 
large areas of the smear to be screened rapidly. 

Microscopic demonstration of acid fast bacilli 
provides only presumptive evidence of tuberculous 
infection, as even saprophytic mycobacteria may 
present a similar appearance. However most 
saprophytic species stain uniformly without 
appearing barred or beaded and are usually onEy 
acid fast without being alcohol fast. As saprophytic 
mycobacteria may be presenr in tap water, rubber 
tubes, cork or bark, they can get into clinical 
materials unless scrupulous care is taken in their 
collection. Saprophytic bacilli are not ordinarily 
present in respiratory secretions, but they may be a 
problem with gastric aspirates, feces and urogenital 
specimens. 

Concerttrullon methods; Several methods 
have been described for the homogenisation and 
concentration of sputum and other specimens. They 
can be classified as methods useful for microscopy 
only and those useful for culture and animal 
inoculation as well. To the former group belong 
treatment with antlformin, sodium carbonate nr 
hypochlorite, detergents like tcrgitol, flotation 
methods using hydrocarbons, and the autoclave 
method. These methods kill the bacilli without 
altering their morphology or staining reaction, 
Concentration methods that do not kill the bacilli 
and so can be used for culture and animal inoculation 
include the following; 

PetrofFs method; This simple method is 
widely used. Sputum is incubated with an equal 
volume of 4% sodium hydroxide solution at 37 
with frequent shaking till it becomes clear, on an 
average for 20 minutes. It is then centrifuged at 
3000 rpm fur 20 minutes and the sediment 
neutralised with N/10 HC1 and used for smear, 
culture and animal inoculation. Excessive exposure 
to alkali is deleterious and should be avoided. 
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A pimplcT mcrhofi has been described, 
eliminating centrifugation and neutralisation. 
Sputum ik treated with an approximately equal 
vnlyme evt a sterile solution containing; 20 g 

eetrimoniuin bromide and 40 g of NaOH per 
litre of distilled water. 1 he contents ate runted with 
a cotton swab and let stand for five minutes. About 

0-3 ml of the inoculum is smeared firtnlv with the 
swab over the entire surface of acid buffered medium 
(IUAT-LJ medium with 20.5 g KH,PO, per litre). 
The same swab is used tor inoculating a second, 
slope after stirring the contents again. The results 
are as good, as with Petroff's method. 

Instead of alkali, homogenisation can be 
achieved by treatment with, dilute acids (6% 
sulphuric acid, 3% hydrochloric acid or 5% oxalic 
acid), S acetyl cysteine with NaOH, pancreatin, 
desogen, zephiran and cetrimide. Flocculation 
methods have also been described.. 

Culture-.. Culture is a very sensitive diagnostic 
technique for tubercle bacilli, detecting as lew as 
If) to 100 bacilli per ml, The concentrated material 
is inoculated onto at least two bottles of IUAT-LJ 
medium. If the specimen: Is positive by microscopy, 
a direct drug sensitivity test may also be set up. 
Cultures arc examined for growth after incubation 
at 37 “C for four days, {for rapid growing 
mycobacteria, fungi and contaminant bacteria) and 
at least twice weekly thereafter. A negative report 
is given if no growth occu rs after 8-12 weeks. Any 
growth seen is smeared and tested by ZN staining, 
For routine purposes, a slow growing, 
rtonplgmented, niacin positive acid fast bacillus is- 
taken as M. tuberculosis. Confirmation is by 
detailed biochemical studies. When the isolate- is 
niacin negative, a battery of Ec&ts may Ik needed for 
identification, including growth at 25 S C and 45 J C, 
animal pathogenicity and biochemical tests (Tables 
39.2, 39,3). 

The use of liquid media with radhu 1 -"-trie 
growth detection (such as HACTEC-460) and the 
identification of isolates by nucleic acid probes have 
simplified culture methods greatly and enabled 


results to be given ift 2—3 weeks. But these are 
available only in advanced laboratories. 

Sufisil i\ it n itstti: As drug resistance Is- an 
important problem in tuberculosis, it is desirable 
to have sensitivity of isolates tested as an aid to 
treatment. Sensitivity tests for tubercle bacilli are 
mainly of three types. The first is the absolute 
concentration method in which a number of media 
containing serial concentrations of the drugs arc 
inoculated and the minimum, inhibitory 
concentrations calculated. The second is the 
resistance ratio method in which two sets of media 
containing graded concentrations of the drugs are 
inoculated, one set with the test strain and the other 
with a standard strain of known sensitivity. The 
third is the proportion method which indicates the 
average sensitivity of the strain, taking into account 
[he fact that any population will contain cells with 
varying degrees of sensitivity tn a drag;. 

Art in ml imiculotimi: The concentrated 
material is inoculated intramuscularly into the thigh 
of two healthy guinea pigs about 12 weeks old. 
-Subcutaneous inoculation is not recommended as 
at leads to a local ulcer which mav he infectious. 
'Ilie animals arc weighed before inoculation and 
at intervals thereafter. Progressive loss of weight is 
an indication of infection- Infected animals- show a 
positive tuberculin skin reaction. One animal is 

killed after four weeks and .lutcipsied. If it shows 
no evidence of tuberculosis, the other is autop&ied 
after eight weeks. 

At autopsy a positive animal will show a 
caseous lesion at the site of inoculation. 
Sometimes the local lesion may contain pus 
under tension, which may spurt on incision. The 
draining and internal lymph nodes are enlarged 
and caseous. The spleen is enlarged, with 
irregular necrotic areas. Tubercles are seen in 
the peritoneum and sometimes in the lung, but 
the kidneys are unaffected. The autopsy lesions 
have to be confirmed as tuberculous by acid fast 
staining of smears, to exclude Y, pstudoaibtrailoiis 
ami other hacterial infections which may resemble 




i MycoCactsrium I: Tuberculosis ► 


359 


Table 39.2 ; Identification ol tubercle bacilli and related mycobacteria 


Growth on L-J rn.ti3iu.iii 


Rapid, growth (within 7 days) 
Growth on MacConkey: 

An'l supharasc rest 


Stow gRiwth. 
Niacin 


M. tbrtui turn, complex Tellurite rcidiierion 

L 


Type of growth M. tuberculosis 


M. "n^nurfi M. phki l’igment 


In light 


In dark 


1 

No pigment 


Sc inly, MTiooth, 
flat jolonio 

Rabbit pathogenicity' 


Group I 

Phorocbmmngcn 


Group 11 
Scutothro-mogen 


Group III 
Nonchromogen 


■— 4 

B.C.G. M. bans 


the lesions of tuberculosis* but will be smear 
negative. 

Guinea pig i nidation, once so commonly used* 
is now seldom resented to because it is cumbersome,, 
costly and Less sensitive than culture, particularly 
with catalase negative, 1NH resistant strains isolated 
from south India. 

^Nucleic acid technology: Polymerase chair 
reaction (PCR) and ligase chain reaction {LCRJ 
are used as diagnostic techniques. Transcription 
mediated amplification, targeting ribcrsomal RNA 
has been introduced as an improvement on PCR 


based DNA amplification, 'I'hc use of RFLP and 
IS fingerprinting for epidemiological typing of 
strains has been referred to, Demonstration of 
mutation in specific drug sensitivity genes is a useful 
indicator of drug resistance. Such tests for 
rifampicin resistance ate already available. 
Immunodiagnositr: Serological tests arc not 
useful in diagnosis, though antibodies to many 
bacillary antigens have been demonstrated in the 
sera of patients. DeCCCtioo ol antibody to 
■mycobacterial lipo-arabinomannan has been 
reported to he of some value, 
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Table 39.3 


Type 

Miarr 

j\j trs-fr reduction Oxygen Growth in TC/i 1 

Preference 

Pha.ge type 

Humjn(classkai) 

4 

4 

Aerobic 

4 

ABC 

Asian type 

4 

■t 

Aerobic 

- 

I 

African type 

*/- 

variable 

Microaerophilic 

- 

A 

Vole 


variable 

Microaerophilic 

- 

j 

Bovine 

- 

- 

frlicroaen.iph.iLic 

- 

A 


"TC H -Tbiophene-2 - Carboxylic at id hydraz:ide{5mgd) 


Demonstration of hypersensitivity to 
tubercuioprotein (tuberculin testing) is a standard 
procedure. Its scope and limitations are discussed 
below. 

liXTRAPI I .MOM AKY TUBERCULOSIS 

Microscopy, culture and occasion ally animat 
inoculation are used inr diagrams of extrapulimnnary 
tuberculosis also, though it is difficult to get 
conclusive results as the bacilli arc present in far 
fewer numbere in these lesions than in pulmonary 

disease, CSF from tuberculous meningitis often 

develops a spider weh clot on standing, examination 
of which may be mote successful than of the fluid. 
The use ofPCR and DIVA probes may help detect 
the bacilli speedily and more often. 

Bone marrow and liver biopsy specimens from 
miliary tuberculosis and blood from those with 
HIV coinfection are useful for culture. Pus from 
tuberculous abscesses often yields positive results 
in smear and cultUTC- 

Plcural effusion and other exudates may be 
collected with citrate to prevent coagulation. If free 
from other bacteria,, they may be used far culture 
after centrifugation. If other bacteria are present* 
prior concentration is necessary. 

Urinary excretion of hacllli in renal tuberculosis 
is intermittent. Hcncc It is advisable to test 3-6 
morning samples of urine. Each sample is 
Centrifuged for 30UG rpm for 30 minutes and the 
sediment used for culture after concentration. 
Allergy sind immunity: Infection with 
tubercle bacillus induces cell mediated immunity 


which is manifested as delayed hypersensitivity 
{allergy) and resistance to infer don (immunity). The 
resultant of these two processes determines the 
course of the infection. 

The response of a tuberculous animal to 
reinfection was originally described by Koch, 
Subcutaneous injection of virulent tubercle bacillus 
ill a normal guinea pig produces no immediate 
response, but after 10-14 days a nodule develops at 
the site, which breaks down to form an ulcer that 
persists till the animal dies of progressive 
tuberculosis'. The draining lymph nodes are 
enlarged and caseous, If on the other hand, virulent 
tuherclc bacillus is injected in a guinea pig which 
had received a prior injection of the tubercle bacillus 
4-6 weeks earlier, an indurated lesion appears at 
the site in a day or two. This undergoes necrosis in 
another day or so to form a shallow ulcer that heals 
rapidly wirhooll involving the draining nodes or 
other tissues. This is known as the Koch 
phenomenon and is a combination of hyper¬ 
sensitivity and immunity. The Koch phenomenon 
has three components—a local' reaction, a 'focal' 
response manifested as congestion and even 
hemorrhage around the tuberculous foci in tissues* 
and a 'constitutional 7 or 'systemic' response of fever 
which may sometimes be fatal. 

Allergy can be induced by infection with 
virulent as well as avirulent tubercle bacilli, but 
nor ordinarily by injection of killed bacilli or 
bacterial proteins. However, fur demonstrating 
allergy, live or killed bacilli or tubcrculoprotein can 
be employed. 
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of early detect:on and treatment of cates, 
chemoprophylaxis an d imnuinoprophylax is. 

Immunoprophylaxis is by intradermal injection 
of the live attenuated vaccine developed by Calmette 
and Guerin (1921), the Bacille Calmette Guerin 
Or BCG- This is a strain of jVf. haris attenuated by 
23? serial subcultures in a glycerine-bilc-potato 
medium over a period of 13 years. Injection of BCG 
in animals induces self limited infection, with 
multiplication and dissemination of the bacillus ill 
different organs and production of small tubercles. 
Within a few weeks the bacilli stop multiplying 
although they survive in the tissues for long periods. 
This gives rise to delayed hypersensitivity and 
immunity. 1 ollowmg BCG vaccination a tuberculin 
negative recipient is converted tfii posit ive reactor. 
The immunity may last for 10-15 years and is 
similar foihe immunity following natural infection, 
except that it does not carry any risk of disease due 
ro reactivation, as in the latter case. 

Several field trials have Keen conducted to assess 
the efficacy of the BCG vaccine. The results have 
varied widely from 80 per -cent protection to a total 
absence of protection. In south India, a trial 
conducted ar Madanapalle showed 60 pet cent 
efficacy while a later large trial in Chingalpattu 
did not reveal ary protection in adults, though a 
15-year follow up showed some protection in young 
persons, ’ he reasons for such wide disparity are 
not dear hut have been attributed to several factors 
such at the differences in the prevalence and 
virulence of tubercle bacilli in various communities, 
the type and. potency of vaccines Used and the 
presence of ’atypical mycobacteria' in the areas. 

The BCG vaccine aroused much criticism and 
it has been suggested that it may regain its virulence, 
though there has not been any evidence of It so fix 
The Lubeck disaster in which several children 
developed fatal tuberculosis following oral 
immunisation earned the vaccine much notoriety' 
in the early days of the vaccine. This was due to a 
mix-up by which live virulent tubercle was given 
instead of BCG, Stringent safety measures, have 


since been enforced in the manufacture of BCG 
vaccine. Hie recognised complication! of BGG 
vaccine arc the telkrwmg: 

Local : Abscess, indolent tllcCT, keloid, tuberculides, 
confluent lesions* lupoid lesions, lupus vulgaris, 
rik^ji.'r.uj' Enlargement and suppuration-ofdraining 
lymph nodes. 

■f Jcrn-.'si/. Fever,, mediastinal adenitis, erythema 
nodosum, tendency to keloid formation alter 
wounding at other sites, and very rarely nonfatal 
meningitis. The very few cases of progressive 
tuberculosis reported are believed to have been in 
]mmunodcfirient subjects. 

The consensus opinion is that BCG may not 
protect from the risk of tuberculosis infection, but 
gives protection to infants and young children 
against the more serious types of the disease, such 
as meningitis and disseminated tuberculosis. The 
recommendation therefore is shat in endemic 


countries such as India, BCG vaccine be 

administered to habits by intradermal injection on 
the deltoid immediately after birth, or as early as 
possible thereafter, before the age of 12 months. 
The vaccine need not he administered after the age 
of two years, BCG should not be given to infants 
and children with active HIV disease, though it 
may he given with benefit to asymptomatic HIV 
positives, Babies bom to mothers wi th AFB post rive 
sputum should not be given BCG at birth, but only 
after a course of preventive chemotherapy. 

BCG induces a nonspecific stimulation of the 
immune system providing some protection against 
lepmsy and leukemia. Multiple injection of BCG 
has been tried as adjunctive therapy iti some 
malignancies. Some workers have reported that 
BCG is superior to PPD for tuberculin testing. 

Chemoprophylaxis or preventive diemuthefapy 
is the administration of antituberculous drugs 
(usually only isoniaald) to persons with latent 
tuberculosis (asymptomatic tuberculin positive) and 
a high risk of developing active tuberculosis, or to 
the uninfected exposed to high risk, of infection. It 
is particularly indicated in infants of mothers with 
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active tuberculosis and in children living with a 
case of active tuberculosis- in the house. Isoniarid 5 
mg/kg daily for 6-12 months is the usual course. 
Trials haw shown that this reduces the risk of 
developing active disease by 90 per cent. HIV 
infected contacts of active tuberculosis also benefit 
from this prophylaxis. 

THERAPY 

Chemotherapy lias revolulioniised the managemen t 
of tuberculosis. It has been established that 
sanatorium regimens, bed rest, fresh air and rich 
food* as well as operative interventions* such a* 
artificial pneumothorax and thoracoplasty arc not 

essential for cure if domiciliary treatment with 

/ 

effective antituberculous drugs is given in optimal 
dose and duration. 

Antituberculous drugs are of two types* 
bactericidal and hacteri static. Of the bactericidal 
drugs, rifampiein, (R) and pyrazinamidc (Z) are 
called sterilising drugs because they are able to 
effectively kill the hacilh in the lesions. Of the other 
bactericidal drugs, isoniaiid (H) is effective only 
against replicating bacilli and streptomycin (S) only 
against extracellular bacilli and so art dot by 
them selves able to sterilise the lesions. The 
bactericidal drugs* along with the bacterislatic drug 
ethambutol (E) constitute the first line drugs in 
antituberculous therapy, 'Ihe old practice of daily 
administration of drugs for two years or so has been 
replaced by short course regimens of 6-7 months* 
which are effective and convenient. A typical 
example of such a schedule for a new smear positive 
case is a combination of tour drugs (HRZE1 given 
three rimes a weelc during an initial intensive phase 
of two months* followed by 4-5 months of 
continuing phase with only two drugs (HR) three 
times a week. 

The major problem in chemotherapy is drug 
resistance* which in tubercle bacilli is due to 
mutation* with an approximate rate of once in IQ* 
cell divisions. This could have been effectively 
checked by multiple drug therapy* which was 
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introduced for this very purpose. Unfortunately this 
was not implemented properly. Due to a 
combination of lapses in prescribing practices, drug 
delivery and patient compliance, resistance has built 
up in tubercle bacilli over the years, reducing the 
efficacy of treatment. 

Drug resistance may he 'primary 1 (pretreatment* 
initial), when the patient is infected with a strain 
of tubercle bacillus which is already resistant, or 
acquired’ (secondary, post-treatment), when the 
infecting strain initially sensitive becomes resistant, 
usually as a result of improper or inadequate 
treatment. This is the more common type of 
resistance. When acquired resistant strains become 
increasingly common in an area, the chance of new 
patients presenting with primary resistance 
increases. When an infecting strain acquires 
resistance to one drug* the chance of its becoming 
resistant to other drugs increases, unless the 
treatment schedule contains an adequate number 
of effective drugs. At present the spectrum of Strains 
prevalent in the community covers resistance to all 
available antituberculous drugs. 

A very serious consequence of unchecked drug 
resistance has been the emergence and spread of 
multidrug resistant tuberculosis (MDR-TB). 
Though the term multidrug resistance means only 
resistance to two or more drugs, in the context of 
tuberculosis, It specifically refers to resistance to 
rifampiein and isoniaa-id* with or without resistance 
to one or more other drugs. This is because R and 
H form, the sheet anchor of short-term 
chemotherapy and any strain resistant to both these 
drugs is unlikely to respond, to treatment. 

MDR-TB is a global problem, menacing the 
poor and the rich nations alike. It may he primary' 
or acquired- Its presence in those with concomitant 
HIV infection makes it mote dangerous, When fust 
line drugs become ineffective* second line drugs, 
have to be tried. I^arge numbers of old and new 
drugs arc being used - quinoloncs, aminoglycosides, 
macrolides, para amino salicylic acid, thiacetazonc, 
cycloserine, capreorrtycin and others. They are 
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Mycobacterium II: Non-Tuberculous 
Mycobacteria (NTM) 


Mycobacteria other than manmalian tubercle 
bacilli, which may occasionally cause human disease 
resembling tuberculosis, have been called 'atypical’, 
'anonymous' or 'unclassified' mycobacteria. The 
names "environ men taf or "opportunistic 
mycobacteria’' are better suited as their natural 
habitat appears to be soil or water and they cause 
opportunistic infections in human beings.The name 
'muntuberculous mycobacteria’ (NTM) has gained 
wide acceptance in recent years. They have also 
been called "paratubercle^ ‘ruberculoid' and 
‘MOTT* (mycobacteria other than tubercle) bacilli. 
They are distinct from she saprophytic mycobacteria 
such as Ai phlei which are incapable of infecting 
human beings or animals. While human infection 
with them is common in some areas, disease is rare. 
They are unable to cause progressive disease when 
injected into guinea pigs. 

Non-tuberculous mycobacteria have been 
classified into four groups by Runyon (1959) based 
on pigment production and rate of growth: Group 
1 photochromogens. Group II seorochtomogens, 
Group III nonphotochromogens and Group IV 
rapid growers. Though other methods of 
classification have been described, Runyon’s 
classification has found universal acceptance. 
Species identification depends on several additional 
characteristics (Table 4(1.1). 

Group I photOchrOiUOjfeitK: These strains 
form colonics that produce no pigment in the dark 
bur when the young culture is exposed to light for 
one hour in die presence of air, and reincubated for 
24—2S hours, a yellow orange pigment appears. 
They are slow growing, though growth is faster 


than that of tubercle bacilli. The important species 
in this group are M. kumasii, M, msiiamn and 
JVf. tinaac. 

M. ktnsisii causes chronic pulmonary disease 
resembling tuberculosis, usually affecting the upper 
lobes, with cavity formation and scarring. 
M.kansnsU has been isolated from tap water 
samples around the world and this is believed to 
he the main reason and source of infection. It is the 
second most common NTM seen in lung diseases 
after M. avium complex. 

M. tmiinum which causes a warty skin lesion 
("swimming pool or fish tank granuloma"), closely 
resembles Af. kansash but can be differentiated by 
its poor growth at 37 °C, negative nitratasc, positive 
pyra7in amide hydrolase and L-fiLcosidasc activities, 

Several photochromogenie mycobacteria were 
isolated in 1 C J64 from monkeys exported from India. 
They have been classified into two species: niacin 
positive Af. sitiHM and niacin negative AJ. asisadim 
They have subsequently been associated with 
pulmonary disease in human beings. 

Group H —scotochromofj.ens: These strains 
form pigmented colonies (yellow-orange-red) even 
in the dark. They are widely distributed in the 
environment and sometimes contaminate cultures 
of tubercle bacilli. Af, scroiulaceum may cause 
scrofula (cervical adenitis) in children. 

Af, gunJojiae, often found in lap water (heiiCe 
called “the tap water scotochromogen 1 ), is a 
common contaminant in clinical specimens and a 
rare cause of pulmonary disease. It differs from Af. 
scro/ufaccu m in failing to hydrolyse urea, 
nicotinamide and pyrazinamide. 
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Table 4D.1 DtHerentiation belween tubercle bacilli and seme species ol atypical mycobacteria 


7 ett 


Growth in 7 cLa.i's 
Growth Hf 25 °C 
Growth at 37 “C 
Growth at 45 ,J C 
Pigment in dark 
Pigment in light 
Urease 
Niacin 

Nitrate redtittiun 



M. szvigiii is scotochromogemc when grown 
at 37 °C and photocliromogenic at 25 °C. 

Cinntp 111—nonpbo(MhramOjCns; These 
strains da rot form pigment even on exposure light. 
Colonics may resemble those of tubercle baeillL- 
The medically important species are M. avium, 
A/. j'nlriacdfriiare, M. xenopi and the skin pathogen 
M. ulcerous. 

M. avrum, which causes natural tuberculosis in 
birds and Eymphadcnopathy in pigs is one of 
the most common opportunist human pathogens. 
M. in TmccUuiare is comtnunlv known as the Battev 


pith.O’gen at tile Batley State Hospital lor 
Tuberculosis, Georgia, USA. 

Mr avium and M. intnceffliJ'&ne are so closely 
similar that they have been considered as one 
group, the M. avium complex [MAC)- They cause 
lymphadennpathy, pulmonary lesions or dissemi¬ 
nated disease,, particularly in AIDS patients. They 
are related to the animal pathogens M, pzratuber¬ 
culosis and M, JepncmLtmim. 

M. nraJmocnH; which may cause pulmonary 
disease is a slow grower, taking S-12 weeks to form 
colonics. 


bacillus' because it was first identified as a human M, xrnppi, originally isolated from toads, may 

Table 40.S Dltferenliatlcn belween JU. ulcerats and W. marinum 

Character 

xW. uicennt 

M. luarinuni 

Distribution 

Tropics 

Temperate zone 

Clinical course 

Chrome progressive ulcer 

Self-limited ulcer 

Bacilli in ulcer 

Abundant 

Scanty 

Rate of growth 

Slower; 4-S weeks 

Taster, 1-2 weeks 

Growth at 25 

- 

# 

Growrh at 37 *C 

- 

+ 

Culture film 

Bacilli in cords 

No cord formation 

Pigment in iighr 

- 

+ 

Mouse footpad Lesion 

Edema, rarely ulcer 

Marked inflammation—purulent 
ulcer 
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occasionally cause chronic lung disease in human 
beings, M. xtnopi and Af, dvium are thermophiles, 
capable of growth at 45 Q C. 

Though usually classified as a non photo- 
chromogcn, M. xenopi may form scoto- 
chrotnogcnic yellow colonics, M. xenopi has been 
isolated from water raps, mostly hot water raps, m 
hospitals. It has also been Isolated from main water 
supplies. 

Group IV — rapid growers; This Is a 

heterogeneous group of mycobacteria, capable ol 
rapid growth, colonies appearing within seven days 

of incubation at 37 °C or 25 °C. Within the group, 
photochromogenic, scotochromogenic, and 
nonehiomogeriic species occur. Chroniogenic rapid 
growers are mostly saprophytes (for example, M. 
phkfi. The medically important species are Af, 
fortuitum and At chdonae both of which can cause 
chronic abscesses in human beings. Outbreaks ol 
abscesses following injection of vaccines and other 
preparations contaminated by these mycobacteria 
have been reported on a number of occasions. The 
bacilli are found in the soil, and infection usually' 
follows some injury, 

Af. fb/tTFifijm and jVJ, chekxaa do not produce 
any pigment. Pulmonary lesions caused by Af. 
/bmjjftiiTT cannot he distinguished radiologically 
from typical tuberculosis. No effective 
chemotherapy is available, M. smtgmatis, 
commonly considered as saprophyte in smegma, is 
seldom seen in that location. It is a frequent isolate 
from soft tissue Lesions following trauma or surgery. 

Some ncmcultivable or poorly growing 
mycobacteria identified from the blood of AIDS 
patients have been characterised by their I6S RNA 
base sequences. "Iliey grow sparsely in some liquid 
media- Examples are Af. gcncvcnsc, M. contlucntis 
and Af. inrcrniedium, 

A rapid grower, M, none is reported ro be an 
immunomodulator capable ol inhibiting tissue 
destroying hypersensitivity responses and 
stimulating protective immune processes in 
tuberculosis. Clinical trials of Af, vaccae vaccine 


as an adjuvant to chemotherapy in tuberculosis arc 
on. 

Shin Pathogens 

Cutaneous lesions may occur in leprosy or 
tuberculosis, either as localised disease or as part 
of a generalised infection. In a different class are 
two species of mycobacteria, Af. uJceram and Af. 
marinum, which arc exclusively skin pathogens, 
causing chronic ulcers and granulomatous lesions 
on the skin. Systemic invasion does not Occur arid 
the regional lymph glands ate not involved. 
Cutaneous localisation is because they multiply 
optimally at skin temperature. 

At. uluerans: This was originally isolated from 
human skin lesions in Australia (1943) hut has 
subsequently been recovered from similar lesions 
from Uganda (liuruli ulcer);, Congo, Nigeria, 
Mexico. Malaysia and New Guinea. Ulcers arc 
usually seen on the legs or arms and are believed to 
follow infection through minor injuries. After an 
incubation period ol a few weeks, indurated nodules 
appear, which break down forming indolent ulcers 
which slowly extend under the skin, 

Initially, smears from the edge of the ulcer show 
large clumps of bacilli which are acid fast and 
alcohol fast. Later, the immuno re active phase sets 
in and the bacilli disappear. The ulcers then heal 
with disfiguring scars. 

The bacillus grows on T.owensrein-Jrnsen 
medium slowly, in 4-8 weeks. The temperature 
of incubation is critical; growth occurs between 

30 and 33 °C but nor at 25 °C or 37 °C, Inocu¬ 
lation into the foot pad of mice leads to edema of 
the Limb though ulceration is infrequent. A toxin 
is produced by Af. utcemns that causes 
inflammation and necrosis when injected into the 
skin of guinea pigs. This is the only known instance 
of toxin produced by any mycobacterium species, 
M, iei annum: This is a natural pathogen of 
coldblooded animals, causing tuberculosis in fish 
and amphibia. It may also occur as a saprophyte in 
fresh or salt water. Human infection originates from 
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Table 40.3 Atypical mycobacteria associated with human disease 


Specie* 

Natur*/ kabitrt 

At. ahicanam 

M. asiaticum 

M. avium mtnbxRulaze 

Animals, soil 

Primates 

Soil, seawater animals 

M. chclonxc 

AJ. chdunac, s.s. 

boil, seawater, animals 
Soil, seawater animals 

M, fillax 

AJ. tbrtuitum 

Water, soil 

Water, soil animals 

A I. haerm+p-hihiin 

AJ- karr-KHrii 

AJ. ma/mornfe 

AJ. mania um 

Unknown 

Water, animals 
Unknown 

Aquarium water, fish 

AJ, tonfiibeaun 

Soil, water, fomites 

AJ. schimoidci 

Af. srmrac 

Af. szulgai 

Unknown 
primates, water 
Unknown 

AJ. IJJ.-LTJ.']> 

AJ. mepi 

Unknown 

Soil, water 


Type of infection 

Fulnwauy 

Pulmonary 

Pulmonary, lytteouc^utitHfitestiiul, 
lymphadenitis 

[ WiM heart valves,surgical uvund, pulmonary 
Cutaneous, -s-ur^i-Ldtl absccssus wound - 
pulmonary- systemic 
Pulmonary 

Pulmonary, surgical wound cutaneous, systemic, 
bone and joint 
CuTineaui, subcutaneous 
Pulmonary, systemic, skin joints, lymph nodes 
Pul own ary 

Cutaneous (swimming pool granuloma}, 
joints 

Lymphadenitis (usually cervical); 
pulmonary disseminated 
Pulmonary 
Pulmonary 

Pulmonary, lymphadenitis, cutaneous., 

subcutaneous bursitis 

Cutaneous 

Pulmonary, epididymitis 


contaminated swimming p<Jols or fish tanks. The 
lesion, beginning as a papule and breaking down 
to form an indolent nuclear, usually follows 
abrasions and therefore iHXUrs On the prominences 
—elbows, knees, ankles, nose, fingers or toes. It 
was first described From Sweden under the name 
‘swimming pool granuloma', and the bacillus was 
named M. haJfuri (from biincum meaning bath), Jt 
has since been reported from other European 
countries and. thorn North America. Its distribution 
is in temperate areas in contrast to AJ. uJoeraas, 
which Iras a tropical prevalence. H untan infection 
may occur in epidemic Form. The ulcers- are self- 
limited and undergo spontaneous healing- 

Bacilli are scanty' In smears from ulcers. 
Growth occurs in about two weeks at 3-0 e C [range 
25-35 *C) and primary cultures do not grow at 
37 C but they do so after adaptation. Colonics arc 
nonpigmented in the dark; however, they become 
intense orange yellow to red on exposure to light. 


M. marinum is not pathogenic for guinea pigs but 
intrudermal inoculation in rabbits leads to a 
superficial granulomatous Lesion, Footpad 
inoculation in mice leads to a more severe lesion 
than with M. ulnnnt, local inflammation being 
followed by a purulent ulcer formation. 

Infection with M. marrnum, but not M. 
ufccrans, may cause a low-grade tuberculin reaction. 

Af, JiaemopbiJum, first described in 1978, 
causes skin lesions. It requites bemin for growth. 
It grows at 32 in 2-4 weeks hut not at 37 °C- 

Tablc 40,3 shows the range of human infections 
produced by different species of atypical 
mycobacteria, 

Ecology and epidemiology: As environ¬ 
mental bacteria are widely distributed in nature, 
infection with them is quite common, from sail, 
water and ait. Pemon-ro-person infection does not 
seem to occur. Infection is mainly asymptomatic, 
though it may result in sensitisation, causing weak 


Copyrighted material 







Hidden page 



Mycobacterium III: M. Leprae 


Leprosy is a disease oi great antiquity, having been 
recognised from Vedic times in India and from 
Biblical times in the Middle Last. It probably 
originated in the tropics and spread to the mst of 
the world. Leprosy has always been held in 
superstitions dread and the person suffering from 
leprosy considered 'unclean and a social ouicaste. 
The lepra bacillus was first observed by Hansen in 
1S6S. Though this was the first bacterial pathogen 
of humans to be described, it remains one of the 
least understood, This is because it has not been 
possible to grow the bacillus in culture media. 

MYCOBACTERIUM LEPRAE 

Morphology: M. leprae is a straight or slightly 
curved rrd, 1-8 pm * 0.2-0.5 pm in size, showing 
considerable morphological variations. Polar bodies 
and other intracellular elements may he present. 
Clubbed forms, lateral buds or branching may be 
observed- It is Gram positive and stains more readily 
than the tubercle bacillus. It is acid fast, but less so 
than tubercle bacillus. Hence 5% sulphuric acid 
instead of 20% is employed for decolour! satitm after 
staining with carbol fuehsin. It is the practice to 
differentiate between live and dead bacilli in stained 
smears, assuming without conclusive proof that the 
former appear solid and uniformly stained, while 
the latter are fragmented and granular, The 
percentage of uniformly stained bacilli in tissues 
(raorpfrofogicaJ 1 Index) provides a method of 
assessing the progress of patients on chemotherapy 
and is more meaningful than the old criterion of 
bacteriological index {the number of bacilli in 
tissues). 


The bacilli are seen singly and in groups, 
mmrcelluLarly or lying free outside the cells. They 
frequently appear as agglomerates, the bacilli being 
hound together by a lipicLlike substance, the glia. 
These masses are known as 'globi', The parallel 
rows of bacilli in the globi present a ‘cigar bundle' 
appearance. In tissue sections, the clumps of bacilli 
resemble cigarette ends. The globi appear in 
Virchow's ‘lepra cells' or ‘loamy cells' which are 
large undifferentiated histiocytes. 

Cultivation: It has not so far been possible to 
cultivate lepra bacilli either in bacteriological media 
or in tissue culture, There have been several reports 
of successful cultivation hut none has been 
confirmed. One of the best known of such reports 
(1962) came from the Indian Cancer Research 
Centre, Bombay, where an acid fast bacillus was 
isolated front leprosy patients, employing human 
fetal spinal ganglion cell culture. This 1CRC 
bacillus has been adapted for growth on 
Lowcnstein-Jensen medium. Its relation to the lepra 
bacillus is uncertain. 

There have been many attempts to transmit 
leprosy to experimental animals. However, the real 
break through was the discovery by Shepard (1960) 
that lepra bacilli could multiply in the footpads of 
mice kept at a low temperature (20 °C). This 
observation has been confirmed and has become 
the standard procedure for experimental work with 
the bacillus. Following intradcrmal inoculation into 
the footpads of mice, a granuloma develops at the 
site in 1—6 months. If cell mediated immunity ls 
suppressed by thymectomy tit the administration 
of antilymphucrte serum, a generalised inlection is 
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produced, simulating lepromitnus leprosy. The 
nine-banded armadillo (Dlas^jws mwmawnM) is 
highly susceptible to infection with lepra bacilli, 
Following inoculation into armad.ilIocs, a 
generalised infection occurs with extensive 
multiplication of the bacilli and production of 
lesions typical of kprnmatous leprosy. Some wild 
armadilloes in captivity have been observed to be 
naturally infected with a mycobacterium resembling 
the lepra bacillus. 'Natural disease' has also been 
identified in chimpanzees and mangabey monkeys 
from West Africa but it is not known whether they 
haw any relevance to human infection. 

In animal experiments, the generation time of 
the lepra bacillus has been found to he exceptionally 
long, 12—13 day's on the average hut may vary from 
£-42 days, in comparison with about 14 hours in 
the cue of the tubercle bacillus and about 2(1 minutes 
in the case of coliform bacilli 

M, leprae genome lias been mapped and the 
genes for its major protein antigens cloned and 
scipEcnced- 

Rc si stance: Lepra bacilli have- been found to 
remain viable in a warm humid environment for 
9-16 days and in moist soil for 46 days.They survive 

exposure- to direct sunlight lot two hours and 

ultraviolet light for 30 minutes. 

LEPROSY 

Leprosy is a chronic granulomatous disease of 
humans primarily involving the skin, peripheral 
nerves and nasal mucosa but capable of affecting 
any tissue or organ, The disease may be classified 
imn four types — Icpromarous, tuberculoid,, 
tli ntvrphv uy anti /pJe ferritin are (Madrid 
classification, 1953). The type of disease is a 
reflection of site immune status of the host. It is 
therefore not permanent and varies with 
chemotherapy and alterations in host resistance, 
Bacilli isolated from different types of leprosy do 
not differ in virulence or other properties. 

The two extreme or ‘polar’ forms of the disease 
are the lepromatous and tuberculoid types. The 


lepromatous type is seen where the host resistance 
il low. The bacilli are seen in large numbers or a-fi 
globi inside lepra cells or extracellular])- This is 
known as 'multi bacillary disease’. Superficial 
nodular lesions (kpromata) develop which consist 
of granulation tissue containing a dense collection 
of vacuolated cells in different stages of 
development from mononuclear cells to lepra cells. 
The nodules ulcerate, become secondarily infected 
and cause distortion and mutilation. Bacilli invade 
the mucosa of the nose;, mouth arid upper respiratory 
tract and are shod in large numbers in nasal and 
oral secretions.'The reticuloendothelial system, eyes, 
testes, kidneys and bones arc also involved. 
Bacallerma is common. The lepfoinatOUS type is 
more infective than the other types. The prognosis 
Is poor. Cell mediated immunity is deficient and 
the lepromin test is negative ns kprumaiOUS leprosy. 
On the other hard, there k an exaggerated and 
broad humoral immune response. Antibodies in 
high titres are seen against mycobacterial as well 
as several other antigens. Automtibodies ate 
common. Most cases show biological take positive 
reaction in standard serological tests tor syphilis. 

At the other end of the spectrum is tuberculoid 
leprosy, which is sects in patients with a high degree 
of resistance. The skin lesions Ait few and sharply 
demit rented, consisting of macular anesthetic 
patches. Neural involvement occurs early and may 
be pronounced, leading to deformities, parrieularlv 
in the hands and feet. Bacilli are scanty in the 
lesions and infectivity is minimal. This is known as 
'pavcibacillaty disease'. Cell mediated immunity is 
adequate and. the lepromin test is positive. 
Antimycobacterial and autoimmune antibodies arc 
rare. The prognosis is good. 

The term borderline or dimorphous type refers 
to lesions possessing characteristics of both 
tuberculoid and lepromatous types. It may shift to 
the lepromatous or tuberculoid part of the spectrum 
depending on chemotherapy or alterations in host 
resistance. 

The indeterminate type is the early unstable 
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The deficiency in cell mediated Immunity is 
specific to the lepra had Lius antigens. LtpnnmhHlt 
patients ire not more susceptible to viruses, parasites 
and other pathogens against which CM! is 
important, Tuberculin reactivity may be suppressed 
in untreated lepromatous patients but it becomes 
po&itfrc following treatment, unlike the lepromin 
response which remains negative Lepromatous 
patients: have large numbers of CFl$* (suppressor) 
lymphocytes in circulation, which can he 
specifically activated by the lepra bacillus antigens. 
The lymphocytes present in skin granulomas are 
almost exclusively CDS+ cells, in contrast to 
tuberculoid lesions which contain predominantly 
CD4+ cells. In lepromatous leprosy, there is 
extensive polyclonal B cell activation with large 
amounts of antibodies being produced, hoth 
anti mycobacterial and autoimmune. The 
albumin iglobulin ratio is reversed, The anti myco¬ 
bacterial antibodies are not beneficial. On the other 
hand, they may have an enhancing effect. 

There is evidence of genetic effect in the pattern 
of response to lepra bacillus infection. HLA-DR2 
is seen preponderantly in persons with the 
tuberculoid type of reaction, while HLA-MT1 and 
HLA-PQlarc associated with lepromatous disease, 

Though leprosy is a chronic disease, its course 
may be interspersed with acute exacerbations which 
are of an allergic nature. Two types of such reactions 
occur. 

Type 1 or the 'reversal reaction or the lepra 
reaction' is seen mostly in borderline leprosy, 


occurring spontaneously or more often during 
chemotherapy. It is a cell mediared immune 
reaction, with an influx of lymphocytes into lesions, 
and a shift to tuberculoid morphology. The lesions 
develop erythema and swelling, along with pain 
and tenderness. A similar clinical picture is seen in 
the 'downgrading reaction' which occurs usually 
in untreated or pregnant patients. Here, biopsy of 
rhe lesions shows a shift to the lepromatous partem, 
reflecting a decrease of CMI- 

Typc 2 reaction or Erythema Nodosum 
Leprosum (ENL) occurs In the LL and BL types, 
usually a few months after institution of 
chemotherapy. Crops of tender, inflamed 
subcutaneous nodules appear, with fever, 
lymphadenopatby and arthralgia. This is an ArthuS 
type response to antigens released from dead lepra 
cells and Is characterised by neutrophil Infiltration 
and IgC and complement deposition In the lcsiors r 

Lepromin Test 

Till recently, the only method for studying immunity 
in leprosy was a skin test lor delayed hypersensitivity, 
the lepromin test first described by Mitsuda in 1919. 
The original antigen (lepromin) was boiled, 
emulsified, lepromatous tissue rich in lepra bacilli. 
The response to the intradermal injection of 
lepromin is typically bipbasic, consisting of two 
separate events- The first is the early reaction of 
Fernandez, which consists of erythema and 
induration developing in 24-48 hours and usually 
remaining for 2-5 days. This is analogous to the 


Table 41,1 Characterisation oi trie <uiier#ni types or leprosy 




In determinate 


Tuberculoid 

Borderline 

Lepromatous 

Lepra bacilli in ils-sucs 

a 

+ 

4*4 

Lepromin test 

4 # 

± 

- 

MvcobacterLal antibodies 

± 

+ 

+ ■#■ 4 

Lymphocytic infiltration of lesions 

444 

+ 

- 

Plasma cells in lymphoid tissue 

+ 

+ 

4 + 4- 
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tuberculin reaction . This is usually poorly defined 
and carries lirrie significance. The second and more 
meaningful is the late reaction of MitFuda, Starting 
in 1-2 weeks, reaching a peak in four weeks and 
gradually subsiding in the next few weeks. The 
reaction consists of an indurated skin nodule, which 
may ulcerate. Histologically, there is infiltration with 
lymphocytes, epithelioid cells and giant cells. The 
Mitsuda late reaction does nor indicate pre-existing 
DTI I but is a measure of the CMI induced by the 
injected lepmmm itself Tt thus distinguishes 
between persons who can mount a CMI response 
against the lepra bacillus antigens and those who 

C ml not. 

The original crude Mitsuda antigens extracted 
from skin lesions uf lepromaEous patients (integral 
lepromins) were standardised on the basis of tissue 
content. Modern antigens are standardised 
according to their lepra bacillus content (4 % Iff 7 
lepra bacilli per ml). Standard lepromins are being 
prepared invlMsingly from armadillo derived lepra 
bacilli (lepromin-A), replacing human derived 
lepromin - H. 

The lepmmir test is not used to diagnose 
leprosy, nor does it indicate prior contact with the 
lepra bacillus. Healthy persons in nonendemk areas 
with no chance of contact with the bacillus may 
give a positive lepromin pest. The test is employed 
for the following purposes. 

1. To classify the lesions of leprosy patients. Tire 

lepromin test is positive in tuberculoid, negative 
in lepromatous and variable in dimorphous and 
indeterminate types of disease. 

2. To assess the prognosis and response to treatment. 

A positive reaction indicates good prognosis and 
a negative one bad prognosis. Conversion to 
lepromin positivity during treatment is evidence 
of improvement. 

3. Ib assess the resistance of individuals to leprosy. 
It is desirable to recruit only lepromin positive 
persons for work In leprosaria as lepromin 


negative persons are more prone to develop the 
disease, 

4.To verify the identity uf candidate lepra bacilli, 
Cultivable add fast bacilli claimed to he lepra, 
bacilli should, give matching results when tested 
in parallel with stan da rd Lepromin. 

I uboynlory diagnosis: Bacteriological 
diagnosis is easy in the lepromatous but may be 
difficult in the tuberculoid cases. The diagnosis 
consists of demonstration of acid fast bacilli in the 
lesions. For routine examination, specimens arc 
collected from foe nasal mucosa, skin lesions and 
ear lobules. A, blunt, narrow scalpel is introduced 
into the nose and the internal septum scraped 
sufficiently to remove a piece of mucus membrane, 
which is transferred to a slide and teased out into a 
uniform smear. Samples from foe skin should be 
obtained from the edges of foe lesion rather than 
from foe centre. The skin is pinched up tight to 
minimise bleeding and. a cut about 5 mm long made 
with a scalpel, deep enough to get into the infiltrated 
layers. After wiping off blood nr lymph that may 
have exuded, the scalpel blade is turned transversely 
in scrape the sides and bottom of foe cut so as to 
obtain a little tissue pulp which is smeared 
uniformly on a slide. About 5~6 different areas of 
the skin should W sampled, including the skin over 
foe buttocks, forehead, chin, cheek and ears. The 
smears are stained by the ZiehHNceken technique 
using 5% instead of 20% sulphuric arid for 
dccoWriration, Biopsy of foe nodular lesions and 
thickened nerves, and lymph node puncture may 
be necessity in some cases. 

The smears are graded, bared on the number of 


bacilli as follows: 

1-10 bacilli in 100 fields =■ 1+ 

1’TO bacilli in Iff fields ■ 2+ 

1—10 bacilli per field ■ 3+ 

10-100 bacilli per field ■ 4+ 

100-1000 Willi per field - 5* 
More than 1000 bacilli, dumps ■ 6* 
and globi in every field 
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The bacteriological (bacterial) index: (BI) is 
calculated by totullsng the number oil pluses (+s) 
scored in all the smears and divided by the number 
of smears. Thus,, if eight smears examined have a 
total of sixteen pluses,, the BI will be 2. For 
calculating Bl f a minimum of four skin lesions, a 
nasal swab and. both the car lubes have to be 
examined. 

The morpliological index (MI) is expressed as 
the percentage of uniformly stained bacilli out of 
the total number of bacilli counted. 

Mouse foot pad inoculation has been reported 
to be more sensitive than skin slit smears for 
detection of lepra bacilli in tissues. But this is 

unsuitable for routine diagnosis and feasible only 
for drug pofenev or resistance testing and research 
studies. 

Detection of antibody against M. leprae 
phenolic glycolipid antigen has been claimed to be 
a specific diagnostic test. Attempts to develop 
molecular diagnostic methods arc in progress. 
Meanwhile, microscopic demonstration ot lepra 
bacilli and histology remain the most useful 
diagnostic procedures. 

Tr eminent: Daps one was the first effective 
chemotherapeutic agent against leprosy. Its use as 
a monotherapy for several years led to the 
development of resistant strains of Lepra bacilli. In 
view of this, multiple drug therapy (MOT) is now 
recommended io leprosy, as in tuberculosis. The 
cuff ear recommendations for patients with 
paua bacillary lesions (T,TT, BT) is the Concurrent 
administration of rifampkin 600 mg once a month 

nod dupSonel00 mg daily for fix months For 

multi bacillary lesions (BB, BL, LL), the 
recommendation is rifampicin 600 mg once a 
month, dapsone 1QQ mg daily and clofazimine SO 
mg daily for two years or until skin smears are 
negative. Ethionamide or protbionamide may be 
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added to this negimen or substituted for clofazimine. 
A minimum follow’ up of lour years for 
paucibacillary and eight years for multibacillary 
cases would be necessary to detect any relapse. 

An immunodherapeude vaccine (Mycobacteri am 
W) developed at the National Institute of 
Immunology, New Delhi is claimed to enhance the 
effect of MDT. 

Prophy laxis: Case finding and adequate therapy 
have been the methods employed for prophylaxis. 
Long-term chemoprophylaxis has given 
encouraging results in child contacts of infectious 
eases in India and the Philippines. 

There is some degree of antigenic relationship 
between the lepra and tubercle bacilli. It is an old 
clinical observation that leprosy and tuberculosis 
do not uSuillv coexist. BCG vaccine was observed 
to induce lepromin positivity and hence its use in 
the prevention of leprosy was suggested by 
Fernandez as early as in 1939. Shepard found that 
lepra bacilli did not multiply in the footpads of 
mice immunised with BCG. Controlled trials gave 
divergent results, from high to no protection. Field 
trials with different leprosy vaccines (BCG + killed 
lepra bacilli, 1CRC bacillus) have nor given 
conclusive results to far. 

MYCOBACTERIUM LEPRAE MURIUM 

This is. the causative agent of rat leprosy. It was 
first described by Stefan sky in 1901 at Odessa. It 
has been subsequently reported from several 

Countries, Rar leprosy is characterised by 
subcutaneous indurations, lymph adenopathy, 
emaciation, ulcerations and loss of hair. Acid fast 
bacilli resembling lepra bacilli are found in the 
lesions in large numbers. However, the disease 
differs from human leprosy in that the nerves are 
not affected. M. leprae and M. leprae murium are 
not closely related by DNA studies. 
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Elongated, motile, flexible bacteria twisted spirally 
along the long axis are Termed ‘spirochetes' {from 
meaning coil and diuire., meaning hair). They 
are structurally more complex than other bacteria. 
A characteristic feature is the presence of varying 
numbers of endoilagelh T which are polar flagella 
wound along the helical protoplasmic cylinder, and 
situated he tween the outer membrane and cell will 
Bndothgclfo arc believed to be responsible for 
motility but the exact mechanisms of locomotion 
are not understood. 

Spirochetes vary widely in size, some being as 
long as 500 pm and others as short ns 5 pm- They 
arc Gram negative. Many are free-living 
saprophytes, while some are obligate parasites. 
They may be aerobic, anaerobic or facultative. 
Reproduction is by transverse fission. 

Spirochetes belong to the order Spirochetales, 
comprising two families—S pi roch C tact?? 

containing the genera Spirochaeta, Crislispira, 
Treponema and Borrella; and Leptospiraceae 
containing the genus Leptospira. M uman pathogens 
are found in the genera Treponema, Borrelia and 
Leptospira , Members of the germs Spfrochjcta are 
saprophytes found in. water und scwhjjv, while 
CristispirA are found in molluscs. 

TflEPONEMA 

Treponemes {rrepos, meaning to cum, and nema, 
meaning thread} are relatively short h lender 
spirochetes, with tine spirals and pointed or rounded 
ends, Some of them arc pathogenic, while others 
occur as commensals in the month,, intestines, and 
genitalia. Pathogenic treponemes liave not been 


successfully cultivated in cell free media rhough 
the commensals may be grown in artificial media. 

Treponemes cause the following diseases in 
humans: 

1. Venereal syphilis caused by T pallidum 
2- Endemic syphilis caused by T, pallidum 
(T. endumeurn} 

.1. Yaws caused by T. pertenue 
4, Firta caused by 7" raiGnmi 

They are almost identical in their morphology, 
antigenic structure and other features, though there 
are differences in the clinical features and natural 
history -of the diseases they produce. It has been 
suggested that the pathogenic treponemes represent 
only evolutionary variations of a single species and 
that the diseases caused by them, though different 
clinically and epUHe mining really, should be 
considered parrs of a conrinuous spectrum of 
treponematoscs. Accordingly, the species 7"! 
pallidum is now considered to include three 
subspecies—subspecies pallidum causing venereal 
syphilis, endemiemra causing endemic syphilis and 
pertenue causing yaws. 

Thitpopcrma Pallidum 

Treponema pallidum, the causative agent of syphilis, 
was discovered by Schaudinn and Hoffmann (1905) 
in the chancres and inguinal lymph nodes of 
syphilitic patients. The name pallidum refers to its 
pale staining. 

Morphology: It LS a thin, delicate Spirochete 
with tapering ends, about 10 pm Icm^ (range 4-14 
pm) and 0. 1-0.2 pm wide. It has about ten regular 
spirals, which are sharp and angular, at regular 
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inter vats of about 1 p. It is actively motile, 
exhibiting rotation around the long axis, backward 
and forward movements, and flexion of the whole 
body. During motion, secondary curves appear and 
disappear in success ion but the primary spirals are 
unchanged {Fig. 42.1), 

7T pallidum cannot be seen under the light 
microscope in wet films hut can be made out by 
negative staining with Indian ink. Its morphology 
and motility can be seen under the dark ground or 
phase contrast microscope. It does not take ordinary 
bacterial stains but stains light rose red with 
prolonged Giemsa staining. It cart be Stained bv 
silver impregnation method?- Fontana^ method is 
useful for staining films and Levadiri's method for 
tissue sections. 

Ultrastructundly, the cytoplasm of T pallidum 
is surrounded by a trilaminar cytoplasmic 
membrane, enclosed by a cell wail coo raining 
pcpridoglvean which gives the cell rigidity and 
slid pc. External to this is the lipid rich outer 
membrane layer. Originating from each end of the 
cell, three or four endoflagella wind round the 
axis of the cell in the space between the cell wall 
and outer membrane layer, to interdigitate at its 
centre, Unlike the flagella of other bacteria, these 
end-ullage] I a do not protrude outside, but remain 
within the outer membrane layer. 

Saprophytic spirochetes are generally coarser 
in apjiearancc, lack the uniform spirals with regular 
spacing, and show lashing motility, 

(hjllivalion: Pathogenic ireponemes do not 
grow in artificial culture media. Limited growth 
of 7! pallidum has been reported in eocultivarion 
with tissue culture cells. It is possible to maintain 
T pallidum in motile and virulent form tor 10-12 
days in complex media under anaerobic conditions. 
Virulent T. pallidum strains have been maintained 
For many decades by serial testicular passage in 
rabbits. One such strain (Nicholas strain) isolated 
from the brain of a fatal case of general paralysis of 
the insane in 1912 is still being propagated and 
used for diagnostic and research purposes. 


There have been many I.II ol cultivation of 
T. pallidum in cultures bus none has been 
substantiated. The is-olat-t have been 
nonpathogcnic rrcponcmcs, ■ . morphological 

and antigenic similarities with C pallidum. The 
best known of these is the r, r .sfratn, which has 
been widely used as the ' ! i n in group specific 
treponemal tests tor the liagi of syphilis. The 
Reiter frrpnnemc grows well in thioglycollatc 
medium containing serum, flit Reiter ireponeme 
is now classified as T, pha^etlenin 
KcNLsEunuc; 71 pallidum is • < • delicate, being 
feadilv inactivated bv drying or hs beat (41-42 "C 
in one hour), Hence fom ires arc ■' n .. importance 
in the transmission of infection. S i->. uptibilitv uf X 
pallidum to heat was the basis "fever therapy 1 

for syphilis, ft is killed in 1-3 ■■■ - at 0-4 “C, so 

[hat transfusion syphilis can be ui M-ciucd by storing 
blood for at l east four days i n H • » • before 

transfusion. Stored frozen at-70 l in 10% glycerol, 
or in liquid nitrogen (-1.30 t it remains inahle 
for 1E>T5 wars, li is iniuwateJ bv contact with 
oxygen, distilled water, soap, i-.. mercurials, 

hismuth, common : ■ ■ ■ i_- - and antihioriCfr 

A mi Metric siruoiurc: The ant genu structure 



Fig. 42.1 Treponema pallidum- cter- ground 
IHwn i natio n 
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pri mary lesion heals. I)uri ng this interval the pstienr 
is asymptomatic, The secondary lesions arc due to 
widespread multi plication, of the spirochetes and 
their dissemination through the blood. Rnscular 
or papular skin rashes* mucous patches in the 
oropharynx and condylomata at the mucocutaneous 
junctions are the characteristic lesions. Spirochetes 
arc abundant in the lesions and consequently the 
patient is most infectious during the secondary 
stage, 'Hiere may also be ophthalmic* osseous and 
meningeal involvement. Secondary lesions are 
highly variable in distribution, intensity and 
duration but they usually undergo spontaneous 
healing* in some instances raking as long as four or 
five years. 

J 

After the secondary Lesions disappear, there is a 
period of quiescence known as ‘latent syphilis". 
Diagnosis during this period is possible only by 
serological tests. In many cases, this is followed by 
n a rural cure but in others, after several years, 
manifestations of tertiary syphilis appear. These 
consist of cardiovascular lesions including 
aneurysms., chronic gtartulcnnarn (giimmata) and 
meningovascular manifestations. Tertiary lesions 
contain few spirochetes and may represent 
manifestations of delayed hypersensitivity. In a few 
cases, neurological manifestations such as tabes 
dorsali s or general paralysis of the insane develop 
several decades after the initial infection. These are 
known as late tertiary or quaternary syphilis. 

In syphilis acquired nonvenerealiy [as 
occupationally in doctors or nurses), rite natural 
evolution is as in venereal syphilis* except that the 
primary' chancre is cxrragenital, usually on the 
fingers. In the rare Instances where syphilis is 
transmitted by blood transfusion, the primary 
chancre docs not occur, In congenita! syphilis, 
where infection is transmitted from mother to fetus 
transplacentally, the manifestations and course arc 
different, J Vansplaccntal transmission can rake place 
at any stage of pregnancy* A woman with early 
syphilis can infect her fetus much more commonly 
[75-95 per cent) than one with syphilis of over 


two years duration {35 per cent). The lesions of 
congenital syphilis usually develop only after the 
fourth month of gestation, the time when fetal 
immune competence starts appearing. This suggests 
that the pathogenesis requires immune response 
from the fetus* Congenital syphilis can he prevented 
if the mother is given adequate treatment before 
the fourth month ol pregnancy. The ohstetric history 
in an untreated syphilitic woman is typically one 
of abortions and stillbirths followed bv live births 

r 

of infants with stigmata of syphilis and finally of 
healthy infants. 

Laboratory diagnosis; As rhe manifestations 
of syphilis arc protean and as there are 
asymptomatic periods during the natural course of 
the disease, laboratory aid is essential for the 
diagnosis of the disease. It is also important in 
assessing the cure after treatment, Ikcause of the 
social and emotional overtones of the disease* the 
diagnosis of syphilis should impose a great sense 
of responsibility on the laboratory. Laboratory 
diagnosis consists of demonstration of the 
spirochetes under the microscope and of antibodies 
in scrum or CSF r 

Microscopy: Diagnosis by microscopy Is 
applicable in primary and secondary stages and in 
cases of congenital syphilis with superficial lesions* 
Specimens should be collected with care as the 
lesions arc highly infectious. The lesion is cleaned 
with a gauze soaked in warm saline and the margins 
gently scraped so that the superficial epithelium is 
abraded. Gentle pressure is applied to the hare of 
the lesion and the serum that etude? is collected 
preventing admixture with blood. Wet films are 
prepared wirh the exudate and after applying thin 
Coverslaps, examined under the dark ground 
microscope. T. pallidum is identified by its slender 
spiral structure and slow movement. Differentiation 
from saprophytic spirochetes commonly present in 
the geniral area needs experience. 

Dark ground examination is- useful hut neg-atmc 
results do not exclude the diagnosis of syphilis, 
because of its low sensitivity* A treponemal 
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concentration of 10* per ml in the exudates is 
required for the test to be positive. 

The direct fluorescent antibody test for T.patheium 
(UFA-TP) is a better md safer method for 
microscopic diagnosis. Smears of the exudate arc 
fixed with acetone and scot to the laboratory, where 
the DFA-TP test is done using fluorescent tagged 
anti-X p'jilldmn anti serum. The use of specific 
monoclonal anti body has made the test more 
reliable. 

Scrolo^ic■:I tests' These tests form the 
maijistay of laboratory diagnosis. A huge number 
of Tests have been described, of which only a few 
arc now cm ployed - 

Serological tests for syphilis may be classified! 

as follows: 

1. tests for anybodies reacting with cardiolipin 
antigen ncagin tests; standard tests for syphilis; 
STS 

2. rests for antibodies reacting with group specific 
treponemal antigen 

3. tests for specific antibodies to pathogenic 
treponema (T pallidum). 

j. Kt mg hi ■/> i n fit res r i These rests use the: 1 i pnidal 
or cardiolipin antigens aid arc known as 'standard 
tests for syphilis’ or STS. (The antibody reacting 

with cardiolipin is- known as re j gin. This ran he 
misleading, an she Jgl\ antibody in atopy is also 
called reagin, though there is tin connection 
between the two.) 

The first of the reagin antibody tests was the 
Wassermann complement fixation test (1906), 
which originally used a watery extract of the liver 
of a syphilitic fetus as the antigen, This was l»r«r 
substituted by an alcoholic extract of ox heart tissue, 
to which lecithin and cholesterol were added. This 
crude extract was subsequently replaced by a 
purified lipid extract of beef heart (tailed 
cfl rdiolipin) , with added lecithin and cholesterol, 
as standardised by Pang born (1945). The 
complement fixation test remained the principal 
serological test for syphilis, till h was replaced by 
the simpler flocculation tests which also use the 


cardiolipir antigen. The Wiissermann test is no 
longer in use now. 

The first flocculation test used widely was the 
tube flocculation rest of Kahn. The Kahn test has 
been replaced by the simpler and more rapid VDRL 
test, which gives more quantitative results [ VDRL, 
for Veneral Disease Research Laboratory, USPHS, 

New York, where the test was developed). In the 
VDRL test, the inactivated serum (chat is, scrum 
heated at 56 "C for 30 minutes) ]$ mixed with 
cardiolipin antigen on a special slide and rotated 
for four minutes. Cardiolipin remains as uniform 
crystals in normal scrum but forms visihle dumps 
on combining with reagin antibody, The reaction 
is read under a low power microscope. By testing 
serial dilutions, the antihndy titre can be determined. 
The results arc reported qualitatively as ‘reactive 1 ’, 
'weak reactive 1 or 'nor reactive’. For quantitative 
regxmirig, the reciprocal of the end point is giver 
as the litre, for example 'reactive 4 dilution 1 or 
'titre 4’, 

VDRL test ran be used for testing CSF also, 
hot not plasma. CSF need not be beared prior to 
the test. 

A number of modifications of the VDRL test 
have been developed, of which the Rapid Plasma 
Rcagin (RPR) test is rhe most popular. The RPR 
test uses VDRL antigen containing fine carbon 
particles, which make the result more dear cut and 
evident to the naked eye. RPR test cat* be done 
with unheaccd scrum or plasma, but is not suitable 
for testing CSF. Automated RPR test (ART; is 
available for large scale tests. An automated VTPRL- 
ELISA test has been developed which can measure 
IgC and lgM antibodies separately and is suitable 
for large scale testing of sent. 

As cardiolipin antigen is present both in T.paMdum 
and in mammalian tissues, reagin antibodies may 
he induced by treponema] or host tissue antigens. 
This accounts for the biological false positive (RF’P) 
reactions, which constitute the major disadvantage 
of STS. BFP reactions are defined as positive 
reactions obtained in cardiolipin tests, with negative- 


Copyrighted material 



* Textbook ot Microbiology s 


3S2 


results in specific treponemal rests, in the absence 
□f past or present treponemal infections— arid not 
caused by technical faults. They represent 
nuotreponernal cardiolipin antibody responses. 

BFP reactions may occur in about one percent 
of normal sera. BFP antibody is usually IgM, while 
re agin antibody in syphilis is mainly IgG. Clinically, 
BFP reactions may be classified as acute or chronic. 
Acute BFP reactions last only for a few weeks or 
months and are usually associated with acute 
infections, injuries or inflammatory conditions. 
Chronic RFP reactions persist for longer than six 
months and arc typically seen in SLE and other 
collagen discuses. Leprosy; malaria, relapsing fever, 
infectious mononucleosis, hepatitis and tropical 
eosinnphilia are examples of other conditions 

associated with BFP reactions. 

Rea gin antibody becomes detectable 7-10 days 
alter the appearance ol primary chancre (or 3—5 
weeks after acquiring the infection}. The sensitivity 
in the primary stage is 60~75 per cent with the 
titres being low, upto eight. In the secondary stage, 
the sensitivity- is 100 per cent and titres range from 
16 to 128 or more. Prozone phenomenon may be a 
problem in high litre sera and it is therefore 
essential to test sera in dilutions. Another stage of 
syphilis in which such high titres are seen is 
congenital syphilis. After the secondary stage, litres 
diminish and about a third of patients, with late 
syphilis ans seronegative. The tirres may rise in 
patients developing cardiovascular,, neurological or 
gummatous lesions. In some eases of neurosyphilis,, 
rcagin tests may be negative with serum but positive 
with the C5F. Reagin tests usually become negative 
fa —IS months after effective treatment of syphilis, 
depending on the stage at which treatment is given. 
However, if treatment is started late, the rests may 
remain positive in low cirres. 

2. Gtoup-speeifie tneponeOTii/ teats: I n order to avoid 
HFP reactions, tests using cultivable tr eponemes as 
antigens were developed. These employed die Reiter 
trcponcmcs (originally believed to be an adapted 
strain of T. pallidum). The test most commonly 


employed in this group was the Reiter protein 
complement fixation (RPCF) test, using a 
lipopolysaccharidc-protcin complex antigen derived 
from the treponemc, Its sensitivity and specificity 
were lower than those of tests using T. pallidum. 
Though RPCF was generally free from BFP 
reactions, it still gave some false positive reactions. 
RFCF and other Reiter treponemc tests are not now 
in general use, 

3. Specific T. pallid um rests, These tests use the 
virulent Nichols strain of T. pallidum maintained 
by serial inoculation in rabbit testes. 

The first in this group is the Treponema 
pallidum immobilisation (TFI) test introduced in 
1949. The test serum is incubated with complement 
and T. pallidum maintained in a complex medium 
anaerobically. If antibodies are present, the 
treponem.es arc immobilised, that is, rendered 
nnnmotile, when examined under dart ground 
illumination, 

In its rime, TPI was the most specific test 
available for diagnosis of syphilis and was considered 
the gold standard in syphilis serology. However, 
because of its extreme complexity, it was available 
only in a lew laboratories. The TFT test ha? now 
been supplanted by other tests such as FTA-ABS 
and TPHA which are quite as specific and much 
simpler. 

The fluorescent treponemal antibody (FTA) test 
is an indirect immunofluorescence test using as 
antigen, smears prepared on slides with NichoFs 
strain of T. pallidum. The slides tan be stored for 
several months in deep freeze. The currently used 
modification of the test is the FTA-absnrptinn 
(FTA-ARS) test in which the test scrum is 
preabsorbed with a sonicate of the Reiter 
Ereponemes [sorbent] to eliminate group specific 
reactions. FTA-ARS is as specific as the TFI test 
and is now accepted as a standard reference rest. 
However, as it can be done only i n suitably equipped 
laboratories it is not available for routine testing. 

The 71 pallidum hemagglutination Assay 
(TPHA) uses tanned! erythrocytes sensitised with 
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a sonicated extract of T. pallidum^ as antigen. The 
procedure now employed is 3 micro- 
hemagglutination test (MHA-TP), which is 
capable of being automated. 

Tite lest sera for TPJ IA are absorbed with a 
diluent containing enmponerns of the Reiter 
trcponcmc, rabbit testis and sheep erythrocytes. Sera 
arc screened! in an initial dilution of 1:80 but titres 
of >120 or more are commun'in the secondary stage. 
TPHA in just as specific as FTA-ABS anil almost 
as sensitive, except in the primary stage, it is also 
much simpler and more economical. No special 
equipment is needed. Kits are available 
commercially. These advantages have made TPHA 
a standard confirmatory test- 

Tablc 42.1 shows the relative sensitivities of 
the serological rests in common use. 

Enzyme immunoassays (ElA) have been 
developed using T, pallidum antigens and are 
available commercially (Bio-Enza Bead rest; Captia 
SyphilLs-G test). A rapid agglutination test has been 
developed,, using latex particles coated with three 
immunodominant proteins of T pallidum, obtained 
by recombinant technology. It is claimed to he as 
specific as TPJ lA f and more sensitive. 

The practice for serological screening for 
syphilis varies in different countries. In the UK, a 
combination of VDRL and TPHA tests is Used. 
This is an efficient combination for the detection 
or exclusion of syphilis at all stages, except the early 
primary stage. A repeat test I-3 months larcr will 
bring even this to light. In the USA, screening is 
by VDRL or RPR test alone.This may fail to detect 
about one per cent of secondary syphilis due to the 
proaone effect and about 3f) per cent of latent or 
late syphilis. 

Table 42. T Frequency ol reactive serological teals 
In untreated syphilis (percentage) 


Stage 

VDRL/RPR 

FTA-ABS 

TPHA 

Primary 

70-80 

85-100 

65-85 

Secondary 

100 

100 

100 

Latcnf/late 

60-70 

95-100 

95-100 


3E3 

Quantitative tests are useful in monitoring the 
patients response to treatment, indicating the stage 
of the disease and in detecting reinfection. Reagin 
tests are preferred because they usually become 
negative following treatment. If treatment ls given 
very early,, the serum may not liecome positive at 
all. Treatment in the primary stage leads to 
serorcversal in about four months; in the secondary 
and early latent stages, it takes 12-18 months, in 
later stages, it may take five years nr more. In some 
cases low titre reactivity may persist indefinitely, in 
spite of effective treatment. Specific treponemal tests 
are of li trie value as indicators of clinical cure, as 
they tend to remain positive in spite of treatment- 
TPHA titres may fall rapidly following treatment 
in secondary' syphilis but remain positive for life in 
low titres. 

TPHA and FTA-ABS ate helpful ill excluding 
Of con firming the diagnosis of syphilis and for 
identifying BFP reactions, Though false positive 
reactions were believed to have been eliminated 
ivitli the introduction of these specific tests., ir is 
not truly so. Both TPHA and. FTA-ABS can give 
false positive results, though very' rarely. All 
serological tests for syphilis may he positive in 
Iionvenereal treponemitoses, and some ill i few 
other spirochcatal Infections as well. In Lvmc 
disease, VDRL test is negative,but FTA-ABS may 
he positive. 

A negative fPHA virtually excludes the 
diagnosis of syphilis, pastor present, except in the 
very carlv stages. In ncurosypbllis, a negative CSF 
VDRL test may not be conclusive but a negative 
TPHA test eliminates the possibility of 
nenrosyphdis. 

Detection of specific IgM antibody may he 
helpful in same situations. Being the initial type of 
antibody to appear, IgM is detectable by the second 
week of infection. IgM antibody production ceases 
soon after elimination of infection by treatment. 
Persistence of IgM antibody indicates continuing 
active disease and the need for treatment. As IgM 
does not cross the placenta, its presence in neonatal 
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scrum confirms congenital syphilis and helps 
differentiate ]t from seropofiifivity due po passively 
transferred maternal antibody (syphilotoxemia). 
Many techniques have been developed for the 
selective detection of IgM an t ibodies. These include 
modifications of the FTA-ABS, TFHA* El A and 

VDRL tests, using whole sera or separated IgM 
fractions. When such tests are not available, parallel 
tests of maternal and neonatal sera may settle the 
diagnosis of congenital syphilis, in which the 
neonatal serum may show a higher tifre of antibody 
than the maternal serum. Serin] testing is also useful 
because the titre of passively transferred antibody 
decreases rapidly, the VDRL test becoming 
negative by Three months. 

Epidemiology; Venereal syphilis is worldwide 
in distribution. During the five centuries that it has 
been recorded and studied, the disease has 
undergone much Variation in its natural history and 
clinical leaturcS. As originally described, it was a 
highly virulent disease with florid cutaneous 
manifestations. With tile discovery of the dramatic 

1/ 

therapeutic response to penicillin,, it was hoped that 
it may even be possible to eradicate syphilis, as the 
disease has no extra human reservoir. However, not 
only has it not been possible to eliminate the disease 
but an increase has occurred in its incidence, due 
to the changing customs, habits and values in 
society. 

The advent of the AIDS pandemic has had an 
impact on syphilis. In most places, fear of AIDS 
and safer sex practices led to a tall in the incidence 
of syphilis and all STDs initially, but this trend did 
not continue everywhere. Concurrent infection with 
syphilis and HIV is common and may lead to earlier 
evolution of neurosyphilis. 

Immunity : The immune mechanisms in syphilis 
arc not adequately understood. Humoral immune 
response against the treponcme docs not appear to 
be effective as the disease progresses unhindered 
for decades even in the presence of a vigorous 
antibody response. Cell mediated immunity may be 
more relevant. T lymphocytes and macrophage* are 


predominant in early syphilitic lesions. 
Specifically sensitised ThI cells secrete cytokines 
favouring clearance of spirochetes hv activated 
macrophages. 

Reinfections do not appear to occur in a person 
already having active infection. It was believed that 
premonition or infection immunity, as seen in some 
parasitic infections, holds good in syphilis also and 
that a patient becomes susceptible to reinfection 
only when his original infection is cured- However, 
it has been shown that some degree of immunity 
to reinfection occurs in experimental animals and 
persons whose infection has been completely 
eliminated by treatment. 

Prophylaxis: As transmission is by direct 
contact, it is possible to protect against syphilis hy 
avoidance of sexual contact with an infected 
individual. When this is not complied with, the 
use of physical harriers (such as condoms), 
antiseptics (potassium permanganate) or antibiotics 
may minimise the risk. The use of prophylactic 
penicillin carries the danger that it may suppress 
the primary lesion without eliminating the infection 
an char recognition and treatment of the disease 
may become more difficult. No wdoe is available. 
Treatment Penicillin is uniformly effective in 
syphilis but it is necessary to give an adequate dose 
and maintain the drug level for a sufficiently long 
period to establish cure. A single injection of 3-4 
million units of benzathine penicillin G is adequate 
in early cases. For late syphilis, this amount may be 
repeated weekly for three wee ks. In patients- allergic 
to penicillin, dcutycyclme may be used. Ceftriaxone 
is effective, particularly in neurosyphilis Penicillin 
treatment in syphilis sometimes induces a reaction, 
the Jarisch-Herxheimer reaction, consisting of 
fever, malaise and exacerhation of symptoms. It is 
frequent, but harmless, in primary and secondary- 
syphilis, and can he managed with bed rest and 
aspirin. It is rare in late syphilis but can be 
dangerous in some cases of gummatous, 
cardiovascular or neurosyphilis. It is believed to be 
due to the Liberation of toxic products lib: tumor 
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characterised by hyper pigmentation or 
hypopigmcntation- Tissues other than skin are 
seldom affected. 

The causative agent lh T carafcuin. It is very 
closely related to T, pallidum but is not anrtgcnically 
idem leal so cross immunity between pinra and 
syphilis is only partial. 

Non PATHOGEN 1C TtlRPoNHMES 

Several commensal tneponemes occur on the buccal 
and genital mucosa and may cause confusion in the 
diagnosis of syphilis by dark field examination. They 
are a heterogeneous group and have not been 
adequately characterised. Best known among them 
is the oral spirochete, T. denrietde, which can be 
readily cultivated, Trcponemes also occur op the 
surface of gastric anti colonic epithelium in human 
beings and animals. 

During early attempts to grow the syphilis 
spirochete in cultures, several treponcmes had heen 
grown and mistakenly Called T. pallidum —for 
sample, the Reiter and Kazan strains which have 
heen identified as T. phagedenis and the avirulent 
Nichols and Noguchi strains which have been 
recognised as T. re fringe ns. 

In experimental work on T, pallidum in 
rabbits, T. paialuiscunkuli (formerly T ouiiculj}, 
which has a very' similar appearance and causes 
natural venereal infection in rabbits, may pose 
problems. 

BORREUA 

Rorrcliiae are large, motile, retractile spirochetes 
with irregular, wide, open coils. They are usually 
5*30 pm long and 0.3*0.7 pm wide. They are 
readily stained by ordinary methods and arc Gram 
negative. Several species of Rorrelia occur as 
commensals on the buccal and genital mucosa. 
Romeliae of medical importance are those causing 
relapsing fever, B, rinccnfi which sometimes causes 
fusospirochcrosis and B L hazgdafieri, the causative 
agent of T.yme disease. 


Rii LAPSING FhVHIt 

Relapsing fever (RF) has been known since the 
time of Hippocrates and has occurred in epidemic, 
endemic or sporadic form thmoighout the world- 
RF is an arthropod-bome infection, two types of 
which occur - louaebome and tickborne. The 
bn ire line causing them are indistinguishable in 
morphology' and many other features but differ in 
their arthropod hosts. 

The causative agent of epidemic or lousehorne 
RF is B , rcxtirremis, first observed by Cbcrmeiet 
{1873) in the blood of patients during an epidemic 
in Berlin. It i& an exclusive human pathogen, being 
transmitted from person to person through body 
lice (FhJj'ndfus humanus corporis)- No extrahuman 
reservoir is known. 

Borreliae causing endemic or tickbornc RF 
normally live in their natural hosts—rodents or 
other mammals or which the vector ticks feed. 
Human infection is only an accidental event. 
Borne Iliac have been assigned to various species 
based on die ticks that cany them. Over ten species 
of bomeliac are known to infect human beings and 
cause RF (jfj. duttonii, B. htrnnaii, B. parkeri, etc.) 
They' are generally confined to certain geographic 
areas. There is evidence from DNA homology 
studies to indicate that all of them may belong to a 
single species, with separate host adaptation. The 
descriptions that follow apply to all of them, unless 
stated otherwise. 

Morphology: B. recunentk is an irregular spiral 
with one nr both ends pointed. It is fl-20 pm long 
and 0J-0.4 pm wide. It possesses 5-10 loose spiral 
coils at intervals of about 2 mm. It stains well with 
Gicmsa and bacterial stains and is Gram negative. 
Culture] charnoterihtics: Rorrelia are 
microaerophilic. Optimum temperature for growth 
is 28-30 °Q, Cultivation is difficult but has been 
successful in complex media containing serous 
fluids. Growth occurs on the chorioallantoic 
membrane of chick embryoh. For primary' isolation, 
the best method is to inoculate mice or rats 
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intraperitoneally. When using experimental animate, 
great care has to he taken to ensure that the animate 
are free from pre-existing borreiiosis. 

Vnlijtunic properties: Borrelia readily 
undergoes antigenic rariations in vivo and this is 
believed to be the reason for the occurrence of 
relapses in the disease. Antigenic variations have 
been shown to be caused by DNA rearrangements 
in linear plasmids present in borretia. Ultimate 
recovery after a numher ot relapses may be due to 
the development of immunity' to all the antigenic 
variants. Agglutinating, complement fixing and Lytic 
antibodies develop during infection but their 
demonstration is not possible as a routine diagnostic 
test due to the difficulty in preparing satisfactory' 
antigens. 

Pulliogeiiioils : At ter an i ncu ballon period of 
2 _ 10 days relapsing fei'er Sets in an fever of sudden 
onset. During this period, borretiae are abundant 
in the patient's blood. The fever subsides in 3 — 5 
days. After an afebrile period of 4-10 days during 
which borreliac are not demonstrable in blood, 
another bout of fewer sets in. The bomdilc reappear 
in blood timing the relapses of fever. The disease 
ultimately subsides after 3-10 relapses. 

Experimentally, rodents such as rats, mice and, 
less readily, guinea pigs may be infected by 
intraperiloneal injection. Borreliac may survive in 
rhe brains of infected animals after they have 
disappeared from the blood. 

Epidemiology l Louscbornc relapsing fever 
tends to occur as epidemics whenever poverty, 
overcrowding and lack of personal hygiene 
encourage louse infestation. Epidemic relapsing 
fever used to be very common during wars and in 
jails of former ilays but with improvements in 
hygiene and the discovery' of insecticides, it has 
now become rare. It survives in some areas, as in 
pans of Africa and appears as outbreaks whenever 
civil strite and famine encourage Large scale louse 
infestation.The lousebnrnc disease presents a more 
vevine clinical picture than the tickbomc variety 
and is associated with jaundice, hemorrhages and. 





Fig. 42.2 fiomHia tecurrentis in peripheral blood smear 

in some outbreaks, a high rate of fatality. In lice, 
the horrelia is confined to the hcmoEymph and is 
not shed in saliva or excreta. So the infection is 
transmitted not by the bite of lice bui by their being 
crushed and rubbed info abraded skin, B, rearrrenris 
is not transmitted transovarially in lice. 

Tickbomc relapsing fever occurs as sporadic 
cases in endemic areas. It is a "place disease' and is 
frequently associated with certain dwellings or other 
locations that are inhabited by infected ticks. The 
disease is milder but relapses are more frequent 
than in Lousebome fever. The borrelk persists in 
the body of infected ticks throughout their life and 
is also transmitted transovarially so that the ticks 
acr a* reservoirs as well as vectors. The borrelia 
i nvadcs ali parts of the body of the tick a nd is shed 
in its saliva and feces. So the infection is transmitted 
to humans Through the bite of ticks or their 
discharges- Several species of soft ticks hclonging 
to the genus Omithodonjs act as vectors, different 
species being responsible in different regions. In 
India, the vector species are Q thploEoai, O. cmnr, 
O. Isthoftitek and the fowl tick, Ar^-as pe ni ois. 
These soft ticks can Jive for ten years or more with 
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and cross Absorption reactions using immune rabbit 
nera or more recently with monoclonal antibodies. 
Genetic methods, such as restriction endonuclease 
□ nalv'HLH and 1)NA pairing arc used for furthcr 
classification into Hero types. 

Pathogenicity: In natural reservoir hosts, 
Icptoepiral infection is asymptomatic. However, 
when infection is transmitted to other animals, 
clinical disease may result. Humans arc infected 
when the leptospires in water contaminated by the 
urine of carrier animals enters the body through 
cuts or abrasions on the skin or through intact 
mucosa of mouth, nose or conjunctiva. The 
incubation period is usually about 10 days (range 
2-26 days). The clinical picture varies from mild 
undifferentiated pyrexia to severe or fata] illness 
with hepatorenal damage (Weil’s disease). In severe 
cases, the onset is acute, with rigor, vomiting, 
headache and intense injection of the eyes, The fever 
is irregular and usually subsides in about ten days. 
Jaundice occurs in about 10—20 per cent of cases 
by the second or third day. Purpuric hemorrhages 
sometimes occur on the skin and mucosa. 
Albuminuria is a constant feature. 

This typical presentation is unusual. 
Leptospirosis is now classi fied into two clinical types 
—icfcrj'e and non Icteric. Many cases present as 
aseptic meningitis and In some, abdominal 
symptoms predominate. Clinical diagnosis is 
impossible in the majority of cases and unless a 
high index of suspicion is maintained and laboratory 
assistance sought, leptospirosis will be missed in 
all hut a few instances. 

Leptospircs arc seen in the blood during the 
acute phase of the disease but can seldom be 
demonstrated after S-10 days, They persist in the 
internal organs, and most abundandy In the kidneys, 
so that they may In: demonstrated in the urine in 
the Eater stages of the disease. 

Serious cases of leptospirosis are caused most 
often by serotype icterohacmorrluigiae, though they 
may also be due to Copenhagen! anti less often 
batAviae, grippotyphosa, pyrogcncs and some others. 


Aseptic meningitis is common in canicola infection 
and abdominal symptoms in grippotyphosa 
infections. However, clinical syndromes are not 
serotype specific and any type of illness can be 
produced by any serotype. 

Laboratory diagnosis: Diagnosis may be 
made by demonstration of the leptospircs 
microscopically in blood or urine, by isolating them 
in culture or by inoculation of guinea pigs, or by 
serological tests. 

I. Examination ofbJ(tod:As leptospiros disappear 
from the blood after the first week, blood 
examination is helpful only in the early stages of 
the disease, he lore antibiotics are given. 
Leptospircs maybe demonstrated by examination 
of the blood under the dark field nuancope or 
by immunofluorescence but this is of little practical 
value. 

Three or four drops of blood are inoculated into 
each of several bijou bottles containing EMJI1 
nr similar medium. The bottles are incubated at 
37 4L C for two days and left thereafter at mom 
temperature in the dark for two weeks. Samples 
from the cultures are examined every third day 
for the presence of leptospircs under dark ground 
illumination. Primary isolation may be delayed 
and may take many weeks to months. Chances of 
isolation arc increased by culturing blood daily at 
the early stage of the disease. Leptospircs may 
somctimc-s be isolated from the CSF also. 

The blood from the patient is also inoculated 
intra.pCTHonea.11y into young guinea pigs. With 
virulent serotypes like icterohaemorrhagiae,. the 
animals develop fever and die within 8—12 days 
with jaundice and hemorrhage into the kings and 
serous cavities. With other serotypes such as 
canicola and pomona the animal may not become 
ill and infection will have to be identified by 
demonstration of the IcptiispiTcs in the peritoneal 
fluid, by blood culture or by serology From the 
third day after inoculation, the peritoneal fluid is 
examined daily under dark ground illumination 
and when leptospircs are detected, the blood 
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withdrawn by cardiac puncture is inoculated into 
culture media. 

J t\jpnrr);-irrt»n of urrnv Leptospircs appear in 
the urine in the second week of the disease and 
intermittently thereafter fur 4-6 weeks. The urine 
should He examined immediately after voiding as 
leprospires readily undergo lysis in acid urine. 
Centrifuged deposit of the urine may tie examined 
under dark ground illumination, Direct culture of 
urine is seldom successful because of 
contamination but isolation is us uall y possible by 
inoculation into guinea pig?. 

The identification of the isolates of leptnspires 
is made by agglutination, with type specific sera. 
Due Co the large number pi serotypes and the high 
degree of anrigenk cross reactions between them, 
identification of isolates is a complicated procedure 
and is generally confirmed by one of the WHQf 
FAQ Reference Laboratories, 
i. Srrtjhitfii-.ti diagnosis: Antibodies appear in 
serum towards the end of the first Week of the 
disease and increase till the fourth week, declining 
thereafter. Agglutinins may, however, he 
demonstrable years after the inflection, Two types 
of serological tests arc available, the broadly 
reactive screening rests and the serotype specific 
tests. 

The broadly reactive or genus specific tests identify 1 
leptospiral infection without indicating the exact 
infecting scrovar, The antigens lor these tesre are 
prepared from the nonpathogenic jL biffata Paine 
1 strain. The rests employed include sensitised 
erythrocyte lysis (SF,L) T complement fixation, 
agglutination and indirect immunofluorescence, 
ELISA Has been used to detect IgM and IgG 
anfibodlcs separately, in order to indicate the stage 
of inleeriom A simple and rapid dip-stick assay 
has been developed for the assay of leptospira- 
Specific IgM antibody irt human sera. 

The type specific tests identify the infecting 
serovar by demonstrating specific antibodies, 
Macroscopic and microscopic agglutination tests, 
are used for this purpose. In the former, 


formaliniscd suspensions of prevalent leptospira 
seiovats are tested for macroscopic agglutination 
with serial dilutions of the test scrum. The 
microscopic agglutination test (MAT) generally 
Uses live cultures ul different serotypes and 
agglutination is observed under the low power 
dark field microscope, This test is more specific 
and is usually done only in reference laboratories. 
Due to the presence of some degree of cross 
reaction between different serovara, agglutinin 
absorption tests may sometimes become necessary 
for accurate diagnosis. 

J. Di.igTuwis trf Icptuspiivsis in a rum sis: Infection 
in rodents and other animals may be diagnosed 
by serological tests or by culturing pieces of 
kidneys, 

5. F.tjmirtarion of water for pathogenic 
Icptotpirrs: If a shaved and scarified area of the 
skin of a young guinea pig is immersed in water 
for an hour, infection takes place through the 
abrasions. 

Epideniiolntfv: Leptospirosis is considered to 
be the most widespread of Tixmoscs, being regularly 
present in all continents except Antarctica, 
Pathogenic leptospires survive for long periods in 
the convoluted tubules of the kidneys in natural 
hosts, multiply and are shed in the urine. Animal 
Carriers olten excrete upto 100 million leptosplres 
per ml of urine. If the infected urine contaminates 
the water or mud tH&t is neutral or slightly alkaline, 
the leptnspires. survive fnr weeks. When people 
come into contact with such water, the leprospires 
enter the body through abraded skin or mucosa 
and initiate infection. Certain occupational groups 
such as agricultural workers in rice or cane fields, 
miners and sewer cleaners arc more often exposed 
to infection, and so leptospirosis is more common 
in them. Leptospires may he shed in the milk of 
lactatimg animals. However, they die rapidly in milk, 
and human infection through milk is not known. 
They are not shed in saliva, and so animal bites are 
not infectious. Arthropods are not known to transmit 
the infection, 
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Several Animals act as carriers. Rais are 
particularly importune as they are ubiquitous and 
carry the most pathogenic serotype ictero- 
baemorrhagiae. Field mice carry grippotyphosa. 
pigs pa mona and dogs canicola serotypes. However, 
the same serotype may he carried by different 
mammals and one mammal may carry different 
serotypes. While leptospires arc generally 
nonparhogcnic in the reservoir animal, leptospirosis 
is of veterinary importance as infection of cattle 
and pigs cause considerable economic loss. Infection 
among animals is also transmitted by urinary 
contamination of water and fodder. Human beings 
are an aberrant or 'end' host. There is no evidence 
that human patients infect others. 

From being predominantly a rural disease of 
agricultural workers* leptospirosis has, in recent 
times also become an urban problem in the 
developing countries. This is perhaps due to 


overcrowding, insatfitation. Increasing rat 
population and the habit of walking barefooted. 
Prophylaxis: As leptospirosis results from 
contact of skin or mucosa with contaminated water, 
general measures of prevention such as rodent 
control, disinfection of water and the wearing of 
protective clothing contribute to its prevention. 
Vaccination has been attempted with some success 
in dogs, cattle and pigs. Immunity following 
vaccination or infection is serotype specific. 
Vaccination has also been cried in persons at high 
risk such as agricultural workers. 

Itierapy: Lcptospires are sensitive to penicillin and 
tcIracyduK-s, but the treatment to be effective should 
be started earlv in the course of the disease . Penicillin 

•jr 

is given IV, 1—2 million units 6 hourly for 7 days in 
serious cases. A mild Jarisch-Hencbeiniar reaction 
may occur in some, Doxycycline 200 mg orally once 
a week is effective in prophylaxis. 


Table 42.2 Important leptospiral infections 


Sera type 

Disease 

Clinic*! picture 

Animii 

reservoir 

Distribution 

lcrerohaemrurhagiae 

Weil's disease 

Fever, jaundice, hemorrhages 

Rat 

Worldwide 

Caw cola 

Canicola lever 

Influenza like, aseptic- 
rneningiris 

Dog 

Worldwide 

Grippotyphosa 

Swamp or marsh 
fever 

Fever, prostration, ascpric- 
meningitis 

Held mice 

hjj.ropc, Africa, 
5.E. Asia, USA 

Fomo na 

Swineherd's 

disease 

Fever 

l\ 

America. 

Europe, Middle 
East, Indonesia, 
Australia 

Hebdomad is 

Seven day fever 

Fever, lympbanlt:empathy 

Field mice 

Japan, Europe, 
USA 

Forrbragg 

Pretibial Fever, 

Fort Bragg fever 

Fever, rash over tibia 

Mot known 

Japan, S.E. 

Asia. USA 

PjTOgt neb 

Febrile 

spirochetosis 

Fever 

Pig 

S.E. Asia. 

Europe, USA 

Bataviac 

Indonesian Weil's 
disuse 

Fever 

Rat 

S.E. Asia. 

Africa. Europe 

Harden 

Dairy farm fever 

Fever 

Cattle 

UK USA, New 
Zealand 
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Mycoplasma 



Mycoplasma? arc a group of bacteria that are 
devoid of ce ll walls and so are highly pleomorphic, 
with no fixed shape or size, They lack even, eel] 
wall precursor's like mu ramie acid or 
diaminoplmctic acid. The cells arc bounded by a 
soft trilaminar unit membrane containing sterols. 
Because ui their plasticity, they can pass through 
bacterial filters and have often been mistaken for 
viruses. The first member of the group was the 
Organism causing bovine pleuropneumonia, isolated 
by Nocard and Roux O^R). A similar organism 
was found to cause contagious agalactia in sheep. 
When many similar isolates were obtained from, 
animals, human beings, plants and environmental 
sources, they came to he called f pleiiTopneumnrxia~ 
like Gfgpnfems 1 (PPLO). Thu unsatisfactory name 
has heen replaced by the term Mycoplasma 
from the fungus-like form of the branching 
filaments; plasma, denoting their plasticity of 
shape). 

Mycuplasmas have been placed in the class 
Mollicutes (literally meaning soft skin), order 


Mycoplasmarales, which contains the following 
families and genera: 

1. Family Mycopla suitraceme, to which belong 
parasitic mycoplasmas requiring cholesterol or 
other sterols as an essential growth factor. This 
contains two genera.; 

a. Genus Mycoplasma which utilise glucose or 
arginine but do not split urea, and 

b. Genus t/jieaplasjnrf which hydrolyse urea. 

2- Family A l :hokplas muf j q e.ie, mostly saprophytic 

mycoplasmas, which do not require sterols as 
growth factor. 

3. Family SpifopSmma taeta e, containing the Genus 

Sprop/asma, which parasitise arthropods and 
plants- They are sterol dependent. These are 
helical in shape. 

4, Family Anaeropfa.smafaceai:, containing the 
genus Anacrop/asma, which are strict anaerobes, 
found in the rumen of cattle and sheep. 
Mycoplasmas may be saprophytic, parasitic or 

pathogenic. More than 100 species of mycoplasma 
are known to* cause disease in a variety of 


Table 43.1 Mycoplasmas ol Humans 

A Pifttkie: 

1 . Etobiabtd parhoyem 

M pneumoniae Causing pneumonia 

2. Presumed pathogens: 

M hoiruflis and U.ure-aiy'Tieum assLieiitedi wirh gcnanil infenians 

3. iVon-pur/iogerm': 

M, rvaie, AJ. bttcwfe, M. ttfivarium, M. fitucium in oropharynx 
M, ferment-ms, M- gctiietiium, M. penetrans, M. pmuatum, 

M. sperjiutop/ufum in genital met 
B. Saprophytic 

Achnleplasma ksdlawii on skin and in mourh. 
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Fig. 4 jJ Morphology of mycoplasma—oitlreme pleomorphism 


mammalian, in-scet and plant hosts. About sixteen 
species, belonging to three families are found in 
human beings (Table 43.1). 

Morphology: MycopLasmas are the smallest 
free* living microorganisms,, and one of the most 
pleomorphic (Fig. 43.1), They occur a* granules 
and filaments of various sizes. The granules may 
be eoccoid, balloon, disc, ring or star forms. The 
filaments are slender, of varying lengths and show 
true branching. Multiplication is- by binary' fission, 
but as genomic replication and cell division are 
often asynchronous, budding forms and chains of 
brads arc produced. A distinctive feature seen in 
some species is a bulbous enlargement, with a 
differentiated rip structure, by mearns of which the 
organisms get attached to suitable host cells 
carrying neuraminic acid receptors. They may be 
responsible for tbe hemadsorption shown by some 
species, 

Mycoplasmaa do hoe possess spores, flagella or 
fimbria. Some species exhibit a gliding motility. 
Mvcoplas mus are Gram negative hut arc better 
stained by Giemsa stain. 


Mycoplasmaa may be cultivated in fluid or solid 
media. 1 hey are generally facultative anaerobes, 
growth being hotter aerobically. They grow within 
a temperature range of 22 -41 "’C, tbe parasitic 
spedes growing optimally at 35-37 :; C and the 
saprophytes at lower tempera cures. Media for 
cultivating mycoplasma are enriched with 20 per 
cent horse nr human serum and yeast extract. 
Penicillin and thallium acetate are added as selective 
agents. The high concentration of scrum, ls 
necessary as a source of cholesterol and other Epids. 
Colonies appear alter incubation for 2-h days and 
arc about 10-600 fim in size-The colony is typically 
biphasic, with a 'fried egg' appearance, consisting 
of a central opaque granular area of growth 
extending into the depth of the medium, surrounded 
by a Hat, translucent peripheral tone (Fig. 43.2). 
Colonies may be seen with a h.md lens but are best 
studied after staining by Dienes method. For this, a 
block of agar containing the colony is cut and placed 
iso a slide. It is covered with a cover slip on which 
has been dried an alcoholic ‘•olutinn of methylene 
blue and azure. 
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The mycoplasma may remain in the throat for two 
or more months after recovery from the disease, 

Eaton (1944) was the first TO isolate the 
causative agent of the disease in hamster* and cotton 
rats. E Ee was able to transmit the infection later to 
chick embryos by airmiotic inoculation, Because it 
was filterable, it was considered to he a virus (Eaton 
agent), but was subsequently shown to be a 
mycoplasma and named M. pneumoniae. 

Laboratory diagnosis of mycoplasmal primary 
atypical pneumonia may be established cither by 
isolation of the mycoplasma or by serological 
methods,. For isolation, throat swabs nr respiratory 
secretions are inoculated into mycoplasma medium 
containing glucose and phenol red, Growth is slow 
on primary isolation and may take 1-3 weeks. 
Growth is indicated by acid production in the 
medium. A/. pneumoniae produces beta hemolysis 
and agglutinates guinea pig erythrocytes. Colonies 
on agar adsorb erythrocytes. The hemadsorption is 
enzymatic and occurs opti mally at 37 D C, The cell 
receptors are destroyed hv neuraminidase. It inhibits 
ciliary motility in hamster trachea organ cultures. 
M. pneumoniae is unrelated to other human 
mycoplasmas and may be identified by growth 
inhibition by specific antisera. As isolation is 
difficult and delayed, PC Ft assay which ri rapid 
and specific is being used where feasible. 

Serological diagnosis may be made by specific 
tests using mycoplasmal antigens or by nonspecific 
methods. Among the former, immunofluorescence, 
hemagglutination inhibition and metabolic 
inhibition are the most sensitive rests. Complement 
fixation and indirect hemagglutination rests are less 
sensitive. 

The nonspecific serological tests are 
Stnptococctii MG and cold agglutination tests.The 
former is done by mixing serial dilutions of the 
patient's unhealed SetUlit and a heat killed 
suspension of Srreprococctis MG, and observing 
agglutination after overnight incubation at 37 ^C- 

A titre of 1:20 or over is considered suggestive. 

The cold agglutination test is based on the 


appearance in a high proportion of cases with 
primary atypical pneumonia, of macroglobulin 
antibodies that agglutinate human group O cells 
at low temperature. The patient’s blood sample 
should not be refrigerated before separation of the 
serum, as the agglutinins arc readily absorbed by 
the homologous erythrocytes at low temperatures. 
For the rest, serial dilutions of the patient’s serum 
arc mbred with an equal volume of A 0.2% washed 
human O group erythrocytes, and clumping 
observed after leaving at 4 :; G overnight. The 
dumping is dissociated at 37 a C. A titre of 1:32 or 
over is suggestive but demonstration of rise in titre 
in paired serum samples is more reliable. The 
indirect Coombs test may also be positive in some 
cases. 

Ukbapj asma Urkalvtici m 

Some strains of mycoplasma frequently isolated 
from the urogenital tract of human beings and 
animals form very tiny colonies, generally 15-50 
pin in size. They were called T strain or T form 
mycoplasmas Cf for tiny),'They are peculiar in their 
ability to hydrolyse urea, which is an essential 
growth factor in addition to cholesterol. Human T 
strain mycnplasmas have been reclassified as 
Uncaplujima urcahticurn. 

Genital infections arc caused by jM. Jiommis 
and U. urea/ybeum, They an; transmitted by sexual 
contact, and may cause urethritis, proctitis, 
balanoposthitk and Reiter's syndrome in men, and 
acute salpbingiris, pelvic inflammatory' disease, 
cervicitis and vaginitis in women. They haw also been 
Hooded with infertility, abortion, postpartum fever, 
churu>aii]nitwii ti6 and low birtbweigbt of infants. 
Mycoplasma and HIV r infection: 
Mycoplasmas tend to cause more severe and 
prolonged infections in the HIV infected and other 
immunodcficient subjects. 

Mycoplasma as cell culture 
con Lam in ants: Continuous cell cultures 
maintained in many laboratories have been found 
to be contaminated with different species of 
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mycopjusnna.The contamination may originate Ircim 
the worker or from animal seta or trypfim used in 
cell culture. Contamination generally does not 
produce cyiopathic effects but may interlere with 
the growth of viruses in such cell cultures and may 
also produce misleading results in serological tests. 
Mycoplasroas growing in cell cultures have often 
been mistaken for viruses. Eradication of 
mycoplastnas from infected cells is difficult, 

Ire at me; ill me the drugs of choice for the 
treatment of mycoplasmal infections. Some 
ureaplasmas are resistant to tetracycline, 
doxycycbne, the newer rmcrolidcs and quinotones. 
Mycoplasma* and I. forms of bacteria: 
KJoineber^er (19.35) found pleuropneumonia - 
Uke forms in a culture of Streprohacj'/Ju* 


BMHMUftf iHkanH termed them L- lorms, after Lister 
Institute, London, where the observation was made. 
It was subsequently shown that many bacteria, 
either spontaneously or induced by certain 
suhstances tike penicillin, lost part or all of their 
cell wall and develop into L forms. Such L forms 
rnav be ‘unstable', when they revert to their normal 
morphology, or ‘stable* when they' continue in the 
cell wall deficient state permanently. Cell wall 
deficient forms (L forms, protoplasts, sphcroplasts) 
may not initiate disease but may be important in 
bacterial persistence during antibiotic therapy and 
subsequent recurrence of the infection. It has been 
suggested that mycoplasmas may represent stable 
L forms d! bacteria but genetic, antigenic and 
biochemical evidence are against the possibility. 


Further Heading 

Lin JS. 1965. Human myccipksmal infections. Serologic obsenutions, Re*-' Infect Dis 7:216. 

Symposium. 199J, The chnn^ing rote of rnyroplasrn« in respiratory disease acid AIHS, Orn Infect DU 17;(&uppl.l). 
Tuyfor-ftdbisaoa D and j Bradbury IMS. Mycoptatma disease*. In Topfeyrnd Wiitoa* Mkrobkilogy srnd Mkmbiid 

Jn&CtlHH, 9* pill. I jinrkm: Arnold. 
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Actinomycetes are traditionally considered to be 
transitional forms between bacteria and fungi- Like 
fimgl they iurm a mycelial network of branching 
filaments but, tike bacteria, they ate thin, possess 
cell walls containing: mu ramie acid, have 
prokaryotic nuclei and are susceptible ro 
antibacterial antibiotics. They are therefore true 
bacteria, bearing a superficial resemblance to fungi. 
Actinomycetes- are related to mycobacteria and 
corynebacteria, They are Gram positive, nonmotile, 
nonsporing, noncapsulated filaments that break up 
into bacillary and coccoid elements. Most are free- 
living;, particularly in the soil. 

Actinomycetes include many genera of medical 
interest such as the anaerohit Actinomyces, 
Arachnid iJr'/fdofcacreriLrm, Rathia and aerobic 
A T ncarJ/a, Acrmortiadtira, Dermitophilili and 
Streptomyces , The major pathogenic genus 
AcHflomyces is anaerobic or microacrophilic and 
nun acid last, while Xticarclix species are aerobic; 
and maybe acid fast. Some species of Strepttxnjoes 
may cause disease rarely, but their importance is an 
the major source of antibiotics, 

Actimimycks 

Bollinger (lfi?7) found a mould-like organism in 
the lesion of’lumpy jaw' factinnmycnsis) in cattle. 
The name actinomyces was coined by flare to refer 
to the raylike appearance of the organism in the 
granules that characterise the lesions (jvti'jionm.'es, 
meaning ray fungus), Wolff and Israel (IS 1 ?!) 
isolated an. anaerobic bacillus from human lesions 
and p roduced -experimental infection an rabbits and 
guinea pigs. This was named Acrirwinywf amchi. 


It causes human actinomycosis. Actinomycosis in 
cattle is produced by A- turn*. 

Actinomycosis The disease is a chronic 
granulomatous infection occurring in human beings 
and animals. It is characterised by the development 
of indurated swellings, mainly in the connective 
tissue, suppuration and the discharge of ’sulphur 
granules'-The lesion often points towards the skin, 
leading to multiple 1 sinuses. 

Actinomycosis in human beings is an 
endogenous infection, The acrinomyves species are 
normally present in the mouth, intestine and vagina 
as commensals. Trauma, foreign bodies or poor oral 
hygiene may favour tissue invasion. A- israelii is 
tbe most common causative agent. However, other 
actinomycetes such as A. meslundii, A. vkcosus, 
A, odontalytk-um, A, meyeri, A. gttcncHonci and 
Pro /won j hac terh j m propionimm may sometimes be 
responsible. Actinomycosis is usually a co-operative 

disca-se, tbe actinomyccs being accompanied bv 

other undated bacteria which may enhance the 
pathogenic effect. These include Bifidobacterium 
dentium, ActinobaciUus xetintiinycetcmaMmians, 
EikcncUa corrodent Haemophilus aphrophslus, 
bacreroides, fusobactctia, staphylococci and 
anaerobic streptococci. 

Actinomycosis in human beings occurs in four 
main clinical forms: (1 )certtooi l BoaJ with indurated 
lesions on the check and subiraxiilaiy regions; 
(7) thoracic, with lesions in the lung that may 
involve the pleura and pericardium and spread 
outwards through the chest wall; [3) abdominjjJ' 
where tbe lesion is usually around the cecum, with 
the involvement of the neighbouring tissues and 


Copyrighted material 



* Aciinomyeuius * 


401 


the abdominal wall. Some times the infection spreads 

to the liver via the portal vein. {4) Pci tic. Many 

cjscs of peKic actinomycosis huve been reported 
to association with rhe use of intrauterine devices. 

Actinomyces, have been incriminated in. 
inflammatory diseases of'the gurus (gingivitis and 
peri odontitis) and with sublingual plaques leading 
ro root surface caries-. Actinomycosis mav also 
present as mycetoma, 

I ilbi n'li In irs diagnosis: The diagnosis is made- 
by demonstrating actinnoiycefcs in the lesion hy 
microscopy and by isolation in culture. The 
specimen to be collected is pus. In pulmonary 
disease, sputum is collected. 'Sulphurgranules' may 
be demonstrated in pus by shaking it up in a test 
tube with some saline. On standings the granules 
sediment and maybe withdrawn with a capillary 
pipette. Granules may also be obtained by applying 
gauze pads over the discharging sinuses. 

The granules are white or yellowish and range 
in size from minute specks to about 5mm. They 
are examined microscopically under a cover slip. 
They arc crushed between slides and stained by- 
Cram stain and examined. The granules are, irt I act* 
bacterial colonies and will he found ro consist ot a 
dense network of thin Gram positive filaments* 
surrounded by a peri pi) era I zone of swollen 
radiating club shaped structures, presenting a sun 
ray appearance. The 'clubs" are believed to be 
antigen-antibody complexes (Fig. 44.1). 

Sulphur granules or pus- containing 

actinomvcctes arc washed and inoculated into 

£ 

rhiogLyrollate licpud medium or streaked on brain- 
heart infusion agar and incubated anaerobically at 
37 a C, In tbioglycollatc A , fro™ produces general 
turbidity whereas A. israelii grows as fluffy balls at 
rhe bottom of the tube. On salld media A, israelii 
produces small 'spidery colonies"’ in 48-72 hours 
rhat become heaped up, white and irregular or 
smooth, large colonies in 10 days. Other species 
have different types of Colonies. 

The isolate is identified by microscopy, 
biochemical reactions and fluorescent antibody 


methods. Gel diffusion and immunofluorescence 
can differentiate A. israelii from other icti nomycetc 
species and from other filamentous anaerobes that 
may produce granules in tissues. 

Ftpiikmiology: The disease occurs throughout 
the world but its incidence in the advanced countries 
has been declining probably as a result of the 
widespread use of antibiotics. Act]nomycosis is 
more common in rural areas and in agricultural 
workers. Young male persons (10—30 years old) arc 
mosr commonly affected. The reason for this 
predisposition is not known. About 60 per cent of 
the cases, are cervicofacial and Mint 20 per cent 
abdominal. Pelvic acrinomyces is seen mainly in 
women using intrauterine devices, 

Trent merit: The disease responds to prolonged 
treatment with penicillin or tetracycline, Treatment 
will have to be continued for several months and 
supplemented by surgery where necessary. 

NOCAKJJIA 

Xocardm resemble Aennorsnyeetcs morphologically 
but arc aerobic. All species are Gram positive and 



Fig. 44.1 Sulphur granule. Section or tissue showing 
an actinomycotic clolony, I he clubs at the periphery 
giving a syn ray' appearance. 
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LISTERIA MONOCYTOGENES 

Listeria inoncvj-Tqgcncs is a small, coccoid, Gram 
positive bacillus, with a tendency to occur in chains. 
Rough forms may he seen as tong filaments. Ir 
exhibits a characteristic, slow, tumbling motility 
when grown at 25 ‘’C bur at 3-? is nonmotilc. 
This is because pcrithclwiis flagella are produced 
by the bacillus optimally at 20-30 °C hut only 
scantily or not at all at 37 a C. It is aerobic or 
microaerophiHe, Growth is improved when cultures 
arc incubated at reduced oxygen tension and with 
5~1G% CO r It grows best between 30 °C and 
37 °C, hut slow growth occurs even at 4 "C. 
Colt^ieS arc hemolytic oil blood agar. L. jHOjIO- 
L-ytiigenex ferments glucose, maltose, L. rhamnose 
and alpha methyl D-mannoride, producing acid 
without gas. It is catalase positive. It grows in the 
presence of 0.1% potassium tellurite, 10% salt and 
at pi I 9.6, Many serovars have been recognised. 

L, monocytogenes is widely distributed in 
nature. It has been isolated from a wide range of 
mammals, birds, fish, ticks and Crustacea, It occurs 
as ;l saprophyte in soil, water and sewage. Listeriosis 
in human beings may present in many forms. It 
may cause meningitis Or meningoencephalitis, 
particularly in neonates and in the elderly. Infection 
of pregnant women may lead to abortion or 
stillbirth. Asymptomatic infection of the female 
genital tract may CIUK infertility. Listeriosis may 
also present as abscesses, conjunctivitis, pharyngitis, 
urethritis, pneumonia, infectious mononucleosis- 
like syndrome, endocarditis or septicemia. 

Most human infections are caused by scrovar 
l/2a or l/2b and 4b. Experimental inoculation in 


rabbits causes a marked monocytosis {hence the 
name m omxyiogtrj a ). Monocytosis Is a feature of 
human listeriosis also, Instillation into the eyes of 
rabbits produces keratoconjunctivitis {Anfon test). 
Human infection is believed to result from, contact 
with Infected animals, inhalation of contaminated 
dust or ingestion of contaminated milk or food. 
Outbreaks of foodhorne listeriosis have been 
known. 

Laboratory diagnosis is established by the 
isolation of the bacillus from appropriate clinical 
material such as cervical and vaginal secretions, 
lochia, meconium, cord blood, blood and 
cerebrospinal fluid, Greater success in isolation is 
achieved if the materials arc stored in try prose 
phosphate or thioglycollatc broth at 4 c 'C and 
subcultures are dime al weekly intervals for l - 6 
months {cojW enrichment). Listeriosis in human 
beings is being increasingly reported. Isolate* are 
likely to be missed as nonpafhogcnic diphtheroids 
unless properly investigated. Ampicilbn, 
eotrimoxazole and gentamicin arc effective. 
Cephalosporins are not recommended. 

Table 45.i lists some distinguishing features 
of mmsporing Gram positive bacilli found in clinical 
specimens, 

ERYSIPELOTHRIX RHUSIOPATHJAE 

Er\ r sipc}athri.x r/iusj'opaf/u'ae is a slender, nonmotilc, 
nonsporiug, noncapsulated Gram positive rod, with 
a tendency towards formation of long filaments. It 
is mieroae.ophiiic on primary isolation but on 
subculture, grows as an aerobe or facultative 
anaerohe. It grow* on ordinary media. Black 
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colonics arc developed in tellurite media. It ferments 
glucose and lactose, producing acid without gas; 
sucrose and mannitol arc not fermented. Different 
antigenic types have been recognised, 

E. JThusinparhjae is a natural parasite of many 
animals- It causes swine erysipelas and human 
erysipeloid. Human infection usually occurs on the 
hand or fingers of persons handling animals fish 
or animal products. The lesions are painful) 
edematous and erythematous, usually involving the 
local lymphnodes and joints. Occasional eases of 
endocarditis have been reported. The bacillus is 
sensitive to penicillin, erythromycin and broad 
spectrum a ntib lories- 

ALCALIGENES FAECAL IS 

The name Bacterium fiealis alk\il\g€nes was 
originally applied to an ill defined group of Gram 
negative bacilli isolated from human feces, which 
did nor ferment sugars hut produced an alkaline 
reaction in litmus milk. The term Alcaligcncs 
^jecaifS now refers ro Gram negative, short, 
nonspnring bacilli., which are strict aerobes and do 
not ierment sugars. They ire motile by means of 
peritrichoua flagella. They are usually oxidase 
positive. Nitrate reduction is variable, 

AJc. (aectlis is a saprophyte found in water and 
soil contaminated with decaying organic matter. 
They are also commensals in human and animal 
intestines. They have been isolated from a variety 
of clinical specimens such as urine, pus and blood. 
They have been considered responsible for a 
typhoid-like fever, urinary infections, infantile 
gastroenteritis and suppuration in various parts of 
the body. 

CH ROMQB ACTERIUM VIOLACEUM 

Ghtomoriacrreriiim vro/aceum is a Gram negative, 
nonsporing baciLlus, motile by means of polar and 
lateral flagella. They arc facultative anaerobes 
growing on ordinary media and producing violet 
pigment soluble in ethanol and insoluble in water 
and chloroform. They are oxidase negative and 


saprophytic in water and soil. Human infections 
have been recorded mainly in the tropics and consist 
of skin lesions with pyemia and multiple abscesses, 

F LA VO0 ACTERIUM MENINGOSEPTICUM 

F/avobacnerium meningosepticum is a Gram 
negative nonmotik tod, producing a yellowish 
pigment. It is oxidase positive, proteolytic and 
weakly fermentative. It is a ubiquitous saprophyte 
capable of causing opportunistic infections. It has 
been responsible for outbreaks of meningitis in 
newborn infants. Infection in adults leads to a mUd 
febrile illness. 

DONOVANIA GRANULQMATIS 

iCa/vm m j roriaefrri Lrm grxnuioma trsj 
Donovan (1905) described the presence of 
characteristic intracellular bodies in smears from 
ulcerated lesions of a disease now known as 
Donovanosis. He considered the bodies to be 
parasites. Donovanosis is a venereal disease, first 
described by McLeod in India in 1882 and seen 
mainly In the tropics. The incubation period ranges 
from 1 IO 12 weeks. It begins as a painless papule 
on the genitalia, which leads to a slowly 
progressive, autoinoculable ulcers.. The disease, runs 
a chronic course. Donovan's intracellular bodies 
have since been identified as bacteria and named 
Lktnuvxnm gfiumlumatis. 

DiMgaoeis can be made by demonstration of 
Donovan bodies in Wrigbt-Giemsa stained 
impression smears from the lesions. They appear 
as rounded cucobacilli, 1-2 pm, within cystic spaces 
in large mnnnnudear cells. They show bipolar 
condensation of chromatin, giving a closed safety 
pin appearance in stained smears. Capsules are 
usually seen as dense acidophilic areas around the 
bacilli. They arc nonmotile and Gram negative. 
They Can be grown on egg yolk medium and on a 
modified Levinthal agar. It is mnrpbologicallv and 
antigenicslly related to klebsicllac. 

Pathogenicity is limited to human beings, 
Intradcrmal inoculation of whole cultures or of an 
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Relapses arc common in untreated cases. The 
disease can also occur -,i■■■ outbreaks, i:i the absence 
of ear hire. This condition,, first observed in 
Haverhill, USA , is called Haverhill fever or 
erythema a/fftrifloriM- cpkfcjiij'eirm. It is believed 
io be caused also by consumption of raw milk or 
water contaminated try rats, 

f .aboratory diagnosis is by isolation of the bacillus 
from blood of oilier hodv fluids. Smears of die juiul 
fluid may show pleomorphic Gram negative rods. 
Agglutination, CFand fluorcseenr antibody tests have 
been used for serological diagTinsis. 

Spirillum minus is a short, actively motile 

bacterium, .1—S x 0.2—0.5 pm in size, with two 0# 

three regular spirals and 1-7 imphitrichous flagella, 
It is Gram negative but LS better visualised bv 
Giemsa or Imn tan a starlit (SI bv dark field 
microscopy. It was first observed in a rut by Carter 
(188K) in India. Japanese workers identified it us 
the causative agent of one tvpc of R HR, ca lied 
Sudoku. It has not been cultivated in lalwratoir 
media. 

Spirillary RBI' has an iiuTuhatinn period of 1-4 
weeks, The rat hire wound which may have heated, 
suppurates at the onset of fever, with regional lymph- 
aulenopathy. The Hubfimjucnr course is similar to the 
streptobacillary type, Morality races of up to 10 per 
Cent lluve been reported, mainly due tit endocarditis. 

Laboratory diagnosis i- bv the microscopic 
examination of the blood and exudates from the 
lesion, hy intrapcritoncal inoculation into guinea 
pigs and mice and by demonstration of the spirilla 
in their blood ami peritoneal fluid. Biological false 
positive reactions for syphilis serology OCCUR in i 
proportion of RBF patients, more in the spirillary 
form. 

Both rv|ieH ot RBF respond to penicillin and 
tetracycline. Oral penicillin or doxycwliuc after 
rat bite is effective in prophylaxis. 

CAMPYLOBACTER 

The genus Campylobacter {Creek, meaning curved 


rod) contains slender spirally curved Gram negative 
nods, IX2-0.S pin thick and 0.5—5 pm long. They 
are typically comma shaped hut may occur as 'S' or 
mnltisplral chains. Old cultures are coccoid and 
pleomorphic. They are nonsporing and motile with 
a single unsheathed pular flagellum at one or both 
poles. Growth occurs under microaerophilic 
conditions, 5% oxygen concentration being optimal. 
Many pathogenic specie* are tbermopbilii:, growing 
well at 42 C, Campylobacters do not attack 
carbohydrates but arc strongly oxidase positive, 

Campylobacters 6mgained prominence in the 
1970s as a common cause of human diarrheal 
disease, affecting children and adults.They can, on 
occasion, also cause systemic infeerions. They are 
important veterinary pathogens. Campylobacters of 
medical importance are the following: 

Causing diarrheal disease: C fcyunr r C- coin t’, 
fan. 

Causing cxrraintestinal infection: C, ferns 

Causing abscesses-: C. $putotum r C. conciscus 

CAMM LftH.ACTTIi.ft JhJl M 

Medically, this is the most important Campylobacter 
Species as il causes attacks t>f diarrhea worldwide. 
The infection is zoonotic, the source being food of 
animal origin, especially raw milk. It is part of the 
normal intestinal flora of domestic animals and 
birds, and is shed in their fec& It OH be isolated 
frequently from surface waters. 

Infection occurs by ingestion. The jejunum and 
ileum are the primary sites of colonisation, but it may 
spread down Us the colon and rectum. It is an invasive 
pathogen and may involve mesenteric lymph nodes 
and cause bacteieuiia. The incubation period is 1-7 
days- The Illness starts with fever, abdominal pain 
and watery diarrhea. Stool contains leucocytes ami 
blood. The disease is usually self-limited, though 
Campylobacter shedding may continue for weeks after 
recovery. Fluid and electrolyte replacement is all tliat 
ii generally required. When needed, erythromycin is 
the best antibiotic. 
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Laboratory diagnosis depends on isolation of 
the campylobactcr from feces. Direct microscopic 
examination phase contrast or dark field 
microscopy to detect the darting or tumbling 
motility of the spiral rods, or demonstration of the 
small curved rods in stained smears - may be useful 
for presumptive rapid diagnosis. Feces or rectal 
swabs, are plated on selective media. In case of delay 
in culturing, a transport medium has to lie 
employed. Campylobacters survive fur 1—2 weeks 
at 4 °C in Cary-Blair transport medium but 
glycerol-saline is not satisfactory. The plating media 
commonly used arc bkjfrow's, Butzlcr’s or Campy 
BAP selective media. C, jejuni, as well as C, coii 
and C. hfi t are thermophilic and do nor grow at 
25 *C. Inoculated plates are incubated at 42 *(_' in 
an atmosphere of 5% oxygen, 10% carbon dioxide 
and fiS% nitrogen. Thermophilic Campylobacters 
can grow well at 37 also but incubation at higher 
temperatures suppresses normal fecal flora ro some 
extent. 

Colonics appear usually by 4? hours. They are 
nonhemolytic, grey or colourless, moist, and flat or 
convex. Suggestive colonies are screened by Gram 
staining, motility and oxidase tests. Confirmation 
is by further biochemical rests, including positive 
catalase and nitrate reduction tests. 

C. coii causes an infect ion dimcally 
indistinguishable from that due to C-jejuni- C- coii 
is commonly found in healthy pigs. It is 
differentiated from C. jejuni by the hippnratc 
hydrolysis test which is positive only in tile case of 
C. jejuni. 

C, lari also causes a s imilar diarrheal disease. It 
cao be distinguished from C. jejuni and C. coii by 
its resistance ro nalidixic acid. 

C jejuni and C. coif can be serotyped for 
epidemiological purposes. 

C. jejuni is the most common bacterial cause of 
diarrheal disease in many developed countries - 
more common than ulmooellae or shigcllac. In 
the developing countries, C. jejuni is endemic, 
asymptomatic infection being widely prevalent in 


humans, as well as domestic animals and hirds. In 
this situation, clinical disease Is infrequent and 
usually confined to children, while older age groups 
arc immune due to subclinical infections. 

The related genus Areobacteria species (A 
butzleri, A. Ctyaerophili) also cause diayrbral 
disease. They are capable of aerobic growth. 

Campylobacter Fetus 

This organism was isolated in 191H by Theobald 
Smith from infectious abortion in cattle and named 
Vibrio fetus. It is a very important veterinary 
pathogen, Human infection by C. ictus may lead 
to bacteremia, sepsis and meningitis. 

HELICOBACTER 

Spiral, Campylobacter- tike bacteria were observed 
in dose apposition to the gastric mucosa in several 
cases of gastritis and peptic ulcer, by Warren and 
Marshall in Australia in 1983, They wen: originally 
named Carilptiuhactcr pylori. As they differed in 
many respects from Campylobacters, they have been 
redesignated as Helicobacter pylori. It now appears 
thathclicobaeters have caused human infection from 
ancient times. By enzyme immunoassay, 
helicohaeter antigens have been detected in the 
intestines of pre-Columbian mummies in the USA. 
Today, hdicohacters colonise the stomachs of half 
the human population of the world! 

I Iclicobactere inhabit the stomachs of different 
animals, each with its own hehcobacter s|>edes. H. 
pylori is adapted to the human gastric mucosa. The 
only animal it infects is the monkey A larger spiral 
bacterium of uncertain taxonomy, Z H. hdlmtnii can 
occasionally infect humans and some animals like 
cats and dogs also, H, tinaedi and //. fenneliiae 
are assxHiiated with proctitis in the HIV infected, 

Hblicouvoteh Pylori 

H. pyhri is a Gram negative spiral rod, motile by a 
unipolar tuft of lophotrichous flagella. It grows on 
chocolate agar or Campylobacter media under 
mlcroaerophllic conditions, witli 5-20% CO. r and 
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pH 6-7, At 37 '''C, colonies take 2-7 Jays to 
develop. Coccoid forms appear in old cultures. It 
produce* oxidase, catalase, phosphatase and U S. 
A distinctive feature is the production of abundant 
unease, and this property has been Used as a rapid 
diagnostic test in gastric biopsy samples* It does 
not metabolise carbohydrates or reduce nitrate. 

If. pylori is global, with a prevalence of 30-60 
per cent—-more in the developing than in the 
developed countries. The sole source of II. pylori 
is the human gastric mucus. The exact mechanism 
of transmission is not -dear, but it is likely w be 
oral-oral or t’ccal - oral. Poverty, overcrowding and 
poor hygiene favour transmission. With improvements 
in lifestyle* tire prevalence erf childhood infections has 
declined in the developed countries. 

After AD incubation period of a few days, H. 
pylori causes, in some persons, a mild acute gastritis 
which may last for about two weeks. The infection 
may he transient in some, but in mast, it persists 
for years or decades. Such colonisation Is usually 
asymptomatic, chough chmnLi: superficial gastritis 
may be demonstrable histologically. The bacteria 
are present only in the overlying mucus and do neat 
invade the mucosa. Gastric antrum is the commonest 
site of colonisation, though any part of the stomach 
may be involved. The infection is strictly confined 
to the gastric mucosa, in the stomach, as well as in 
areas of gastric metaplasia and heterotopia in the 
duodenum. The exact pathogenic mechanisms are 
not clearly understood. Bacteria! protease, toxins 
nr ammonia released by urease activity (] f 
autoimmune responses to gastric antigens may all 
contribute. 

Peptic ulcer disease occurs in a proportion of 
the infected. Chronic atrophic gastritis may be seen 
in the later stages.. The infection is recognised as a 
rink faetof lor gastric malignancies such as 
adenocarcinoma and 'mucosa associated lymphoid 
tissue' (MALI } lymphomas. Such MALTomas 

appear to he antigen driven and are found to regress 
after elimination! of H. pylon by treatment. 
Infection induces IgM, IgG, IgA and cellular 


immune responses, but they do not seem to be 
protective, 

//. pylori shows considerable genetic diversity, 
ns evident in mol ecu Lax typing. The complete 
genome of the bacterium has been mapped. 
Virulence has been associated with certain alleles 
in genes, such as tag {cytotoxin associated gene) 
and vac (vacuolating cytntnrin gene)* 

Diagnostic tests are of two ki nds, invasive and 
non invasive. Invasive tests involve endoscopic 
biopsy of gastric mucosa, fof examination by 
microscopy, culture and urease tests. Microcopy of 
biopsy sections by sdvet staining or of Gram 
stained smears is a useful method, Culture is more- 
sensitive, but requires expertise and takes 3-7 days. 
A bit of the biopsy material put in a urease indicator 
medium shows positive result in minutes., 
Noninvasivc tests include serology (ELISA) and 
the ‘urease breath test’. In the latter, the subject 
drinks a urea solution containing labelled carbon, 
which can be detected in the breath. It is sensitive 
and reliable, but need* isotope assay facilities. 

SI. pylori is sensitive to several antibiotics and 
to bismuth salt*. The stand aid treatment Is a 
combination of bismuth subsalicylate, tetracycline 
(or amoxycillin) and metronidazole for two weeks. 
An alternative schedule employs a proton pump 
inhibitor like omeprazole and clarithromycin. 
Treatment is indicated only for H. pvkm related 
gastric or duodenal ulceration and not for 
asymptomatic colonisation. Drug resistance and 
recurrence* are frequent. 

LEGIONELLA PNEUMOPHILA 

The name Legionnaires* disease was given to an 
apparently new illness which broke out among 
members of the American Legion who attended a 
convention in Philadelphia : .n 1976, The disease 
was characterised by fever, cough and chest pain, 
leading on to pneumonia and often ending fatally. 
The causative agent has been called Legionella 
pneumophila. Subsequent investigations have 
revealed that the disease is neither new nor localised. 


Copyrighted material 



i Ml3C#lan«dU!J BaciOra * 


409 


Infection with L. pticumophik is now known tt> 
cause pTuTCUl manifestations. [ Wei distinct clinical 
pattern?, have been identified and designated si 
Legionnaires' disease and Pontiac fever, together 
known as 

Legionnaires disease may be either epidemic 
or sporadic. The incubation period is 2-10 days. 
The disease presents with fever, nonproductive 
cough and dyspnea, rapidly progressing, if untreated, 

to pneumonia. Diarrhea and encephalopathy are 
common. Case fatality maybe 25-20 per cent, the 
cause of death being progressive respiratory failure 
and shock. All age groups are susceptible, though 
more cases have occurred in the elderly. 

Ponfiut: fever is a milder, non fatal 'influenza- 
like' illness with fever, chills,myalgia and headache. 
Outbreaks with high attack rates may occur. 

The discovery at I.. pneumophila led to the 
isolation of many related bacteria, which have, been 

placed in the genus Legionella, under the family 
F jegionetEaceae. Some 40 species of legionellac have 
been recognised, many of them with multiple 
serogroups. The original isolate in tills genus is 
designated pneumophila scrogroup 1 (SGl), 
which accounts for nearly all severe infections. 
Examples of other species that cause human 
infection less often ate L. mii:tladei, L. bozemnnih 
L. dumoiTii and L. gomutmt. 

Legionellas are thin, noncapsulated hacitli, 2- 

5 iim x 0.3—0.1 pm, coccobacillary in clinical 
material and assuming longer forms in culture. 
Most are motile with polar or subpolar flagella. 
They arc Ceram negative but stain poo riy. 
particularly in smears from clinical specimens. 
They stain better by silver impregnation, but arc 
best visualised by direct fluorescent antibody (DFA) 
staining with monoclonal or polyclonal sera. 

They have fastidious requirements and grow on 
complex media such as buffered charcoal, yeast 
extract (BCYE) agar, with L-cysteinc and antibiotic 
supplements, with 5% CO , at pH 6,9, 35 "C and 
90% humidity Growth is slow and colonics take 
3—6 dayi to appear. 


Lcgioncllae arc widely distributed in natural 
water sources, such as stagnant water** mud and 

hot springs, where the nutrition4] and growth 

requirements for these fastidious bacteria arc 
provided by some types of algae. Legioiwlke survive 
and multiply inside free-living amebae and other 
protozoa. They also multiply in some artificial 
aquatic environments, which serve as amplifiers. 
Human infection in typically by inhalation of 
aerosols produced by cooling towers, air 
conditioners and shower heads which act as 
disseminators. Acrtisolised lcgioncllae can survive 
for long and can be carried over long distances. No 
animal reservoir exists, and infection i* limited to 
human beings. No carrier stale if established. Man - 
to-man transmission does not occur. 

The outcome of inhalation of legionellac 
depends on the size of the infecting dose, virulence 
of the strain and resistance of the host. Known risk 
factors arc smoking, alcohol, advanced age, 
intercurrent illness, hospitalisation and immuno¬ 
deficiency. Men are more often affected than 
women. I 11 the developed countries, legionellosis 
accounts for t~3 per cent of community acquired, 
and 10-30 per cent of hospital acquired pneumonias. 
Its prevalence tn the developing countries is not 
adequately known. 

Following entry into the alveoli through 
aerosols, lcgioncllae multiply inside the monocytes 
and macrophages. Dissemination occurs by 
endobronchial, hematogenous, lymphatic and 
contiguous spread. Because of then intracellular 
location, humoral antibodies arc ineffective. 
Cellular immunity is responsible for recovery. 

Laboratory diagnosis is by the demonstration 
of legionellac in clinical specimens, such, as sputum, 
bronchial aspirate, and lung biopsy, by direct 

fluorescent antibody teat arid culture, by the 
identification oflcgionella antigens in urine by latex 
agglutination or ELISA, and by the detection of 
serum antibody by ELISA or indirect 
im mu nnflunrc&cent assay. 

For treatment, the newer macro!ides. 
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oxidase positive, nonmotile. Gram negative rods, 
with a tendeng to occur 9$ coccobacillaiy and 
diplocoecaS forms, was formerly grouped under the 


genus Morxxdlz, They ate part ol the normal ora] 
flora, K- kmgm has been associated with endncajiiijtis 
ami infections of bones, joints and tendons. 
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Rickettsiaceae 



Rickettsiae arc small. Gram negative bacilli adapted 
to obligate intracellular parasitism, and transmitted 
by arthropod vectors. They are primary parasites 
of arthropods such as Lice. fleas* ticks and mites, in 
which they are found in the alimentary Canal. In 

a r 

vertebrates, including humans, they infect the 
vascular endothelium and reticuloendothelial cells. 
The family Rickettsiaceae is named after Howard 
Taylor Ricketts who discovered the Shotted fever 
rickettsia (1906) and died of typhus, fever contracted 
during his studies. 

Th-c family currently comprises three 
genera—Rickettsia* Oriemia and Ehrlichia which 
appear to have descended from a common ancestor. 
Former members of the family, Cwdei/a humefo, 
which causes Q_fever and Rnchaftmaea quintans 
causing trench fever have been excluded because 
the former is not primarily arthropod-borne and 
the latter not an obligate intracellular parasite, being 
capable of growing in eelhtree media, besides being 
different in genetic properties. 

GENUS RICKETTSIA 

The genus Rickettsia consists of the causative 
agents of two groups of diseases—typhus fevers and 
spotted fevers. 

Morphology: In smears from infected tissues, 
rickettsiac appear as pleomorphic ooccobacilli, 0.3- 
0.6 pm * 0,8-2 pm in size. They ate nonmotilc 
and noncapsulated. I’hev are (dram negative, though 
they do not take the stain well. They stain bluish 
purple with Gicmsa and Castaneda stains and deep 
red with MachiavcUo and Gimenez stains. 

Under the electron microscope, rickettsiac are 


seen to have a forte layered cell wall, a trilaminar 
plasma membrane and an outer slime layer., 
fLultiviilion: Rickettsiae ate unable to grow ill 
cell-tree media. Growth generally ciccurs in the 
cytoplasm of infected cells bait in the case of the 
spotted fever rickettsiac., growth may take place in 
the nucleus as well. Rickettsiae grow best in cells 
that are not metabolising actively. The optimum 
temperature for growth is 32-35 °C- 

They are readily cultivated in the yolk sac of 
developing chick embryos, as first shown by Com. 
They also grow on mouse fibroblast, HeLa, HEp* 
2, Detroit 6 and other continuous cell lines hut 
tissue cultures arc not satisfactory for primary 
isolation. Laboratory animals such as guinea pigs 
and mice are useful for the isolation of rickettsiac 
from patients. They may also be propagated in 
arthropods. 

Resistance; Rickettsiae are readily inactivated 
by physical and chemical agents. They are rapidly 
destroyed at 56 Q C and at room temperature when 
separated from host components, unless preserved 
in skimmed milk or a suspending medium 
containing sucrose, potassium phosphate and 
glutamate (SPG medium), 

Rickettsiac arc susceptible to tetracycline, 
ehlciramphemml and ciprofloxacin. Penicillin and 
sulphonamides are ineffective but para- 
aminobcnzoic acid has an inhibitory action on 
rickettsiac. Sulphonamides may actually enhance 
the growth of rickettsiac and worsen the condition 
if administered to parienta- 
Antigenic structure; Rickettsiae have species 
and group specific antigens. The immuiUHinminam 
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surface protein antigens (SPA) of R. pr ty wuck ii 
and ft, wphi have both species qxdfic and cross 
reactive epitopes. Spotted lever rickettsiae have 
dominant outer membrane proteins (OMP) A and 
B, the form er being a species specific antigen acting 
as an adhesim for host cells, and the latter showing 
limited cross reaction with SPA of typhus 
rickettsiae, The third surface antigen is an alkali 
Htabie polysaccharide found in some rickettsiae and 
in some strains of Pmteus bacilli. This sharing of 
antigens between rickettsiae and proteus is the hasis 
lor the Wcil-Pelix reaction used for the diagnosis 
of rickettsial infections by the demonstration of 
agglutinins to Proteus strains OX 19* OX 2 and 

OX K. 

Pathogenesis: Rickettsiae are transmitted to 
humans by arthropod vectors through their bite 
or feces. On entry into the human body, the 
rickettsiac multiply local!i r and enter the blood. 
They become localised chiefly in the vascular 
endothelial cells, which enlarge, degenerate and 
cause thrombus formation, with partial or complete 
occlusion of the vascular lumen. The overall 
pathological features of the rickettsial diseases are 
similar and Carl be explained by the damage tti the 
vascular endothelium. 

The long survival of rickettsiae in various organs 
and lymphatic tissues of infected men and animals 
is a distinctive feature in pathogenesis and is of 
importance in the epidemiology of some rickettsial 

diseases. 

Typhus Fbvku Croup 

This group of diseases consists of epidemic tvphus, 
recTudescent typhus (Rrill-Zinsscr disease) and 
endem ic typhus. 

Itpidentic typhus: (Lou sc borne typhus, 
Classical typhus, Gaul fever) has been one til llie 
great scourges of mankind, occurring in devastating 
epidemics during times ofwu and famine, so vividly 
described by i Ians Zinsser in his book, ‘Rats, Lice 
and History'. The disease has been reported from 
all parts of the world but has been particularly 


common in Russia and Eastern Europe. Napoleons 
retreat from Moscow was forced by typhus fever 
breaking out among his troops. During 17“1922, 
there were some 25 million cases in Russia, with 
about three million deaths. Lenin is said to have 
remarked, in reference to the outbreaks of louse- 
borne typhus and relapsing fever rampant during 
the Russian revolution, that either socialism will 
defeat the louse or rhe louse will defeat socialism’! 
In recent times, the main foci have been Eastern 
Europe, Africa, South America and Asia. In India, 
the endemic spot is Kashmir. 

The causative agent of epidemic typhus is R. 
pniwazckii named after von Pmwazck, who died 
of typhus fever while investigating the disease. 
Humans arc the only natural vertebrate hosts. 
Several animals - guinea pigs, mice, cotton rats 
and gerbils - may be infected experimentally. 
Natural infection in flying squirrels has been 
reported from south-eastern USA. They may 
possibly act as reservoir hosts, infection being 
spread by the squirrel louse and flea. 

The human body louse fVificuius Atnua/ius 
corporis is the vector. The head louse may also 
transmit the infection but not the pubic louse. The 
lice become infected by feeding on rickettsiaemic 
patients. The rickettsiae multiply in the gut of the 
lice and appear in the feces in 3-5 days. Lice 
succumb to the infection within 2-4 weeks, 
remaining infective till they die. They can transmit 
the infection after about a week of being infected. 
The lethal nature of the infection in the louse 
suggests that foe association between R. piuwsxdai 
and its vector is relatively recent and not well 
established, l.ice may be transferred from person to 
person. Being sensitive to tempera.tune changes in the 
host, they leave the febrile paticnr or the cooling carcass 
and parasitise other persons. Lice defecate while 
feeding. Infection is transmitted when the contaminated 
louse feces is rubbed through the minute abrasions 
caused by scratching. Occasionally, infection may also 
be transmitted by aerosols of dried louse feces through 
inhalation or through the conjunctiva, 
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ticks, which therefore act as both vectors and 
reservoirs, The injection may be transmitted la 
vertebrate hosts by any of the larva] stages or by 
adult ticks. Ticks are not harmed by the rickettsiae 
and remain m tec ted fof life, The rickettsiae are shed 
in rick feces but transmission to human beings is 
primarily by bite, as tile rickettsiae also invade the 
salivary glands uf the ricks. All rickettsiae of tills 
group pass through natural cycles in domestic and 
wild animals or birds. 

Rocky Mountain spotted fever is the most 
serious type of sported fever and is the first to have 
been described- It is prevalent in many parts of North 
and South America and is transmitted by 
Denntcentoi ajnicrs<ini and related species of ricks. 

Tick typhus in several parts of Europe, Africa 
and Asia is caused by R. canon, strains of which 
isolated from the Mediterranean littoral, Kenya, 
South Africa and India are indistinguishable. The 
species is named after Conor, who provided the 
first description of the Mediterranean disease ‘fievre 
boutonneusc' (1910). The disease was first observed 
in India by Megtw (1917) in the foothills of the 
Himalayas.The investigation of Kalra, Ran, Soman, 
Hclig and Maidu had established that the disease 
is found in many parts of India. The tick 
RhipKtph&Iua sanguineus is the most important 
vector, Hscrmphysaih tench:, Amblyomms and 
fiyalafrtmt ticks can also transmit the infection. 

Kick el Ivin] pox: The mildest rickettsial disease 
of humans is a self-limited, nonfatal, vesicular 
exanthem first observed in New York {1946). The 
name is derived from the resemblance of the disease 
to chickenpox., It is also called vesicular or 
variccllitorm rickctrsaosisr The causative agent is 
R. akitri (from akari, meaning mite). The reservoir 
of Infection is the domestic mouse, Mus muse ulus 
and the vector is the mite, Liponyssoidcs (formerly 
/l//oiiCi , jnany : SSus) sanguineus, in which traiWTO&rial 
transmission occurs. R. niani has also been i solaced 
from wild rodents in Korea. The disease has also 
been reported from Eastern Europe and Korea. 


GENUS ORIENTIA 

Sc:hl k Tvi 1 hi s ((In igghr-Borne 
Typhus) 

Scrub typhus is caused by Orirntia Kutsugamushi 
[formerly R, miai^gunufht, R, oncntafj's), It occurs 
all along east Asia, from Korea to Indonesia, and 
in the Pacific Islands including Australia, It was 
first observed in Japan where it was found to be 
transmitted by mites. The disease was therefore 
called rsufjtngamuijfii (from tsutsug*, meaning 
dangerous, and mushi meaning insect Or mite), It 
is a place disease and is found only in areas with a 
suitable climate, plenty of moisture and scrub 
vegetation. The vectors are trombiculid mites 
belonging to the germs [.eptatrombidium —£,, 
a&Mnwshi in Japan and L, cfdtcnsis in India. The 
mites inhabit sharply demarcated areas in the soil 
where die mieroecofysum is favourable (mire 
islands). Human beings are infected when they 
trespass into these mite islands and are bitten by 
the mite larvae { chiggers). The mite feeds on the 
scrum of warm blooded animals only once during 
its cycle of development, and ariuJi miles feed only 
pn plants. The microbes are transmitted 
tnanspvarially in mites. Various rodents and birds 
acr as reservoirs and also help in spreading the 
prientiac to fresh ateas, 

Scrub typhus, originally found in scrub jungles 
lias also been identified in a variety of other habitats, 
such as sandy beaches, mountain deserts and 
equatorial rain forests. The term chigger-bomc 
typhos has therefore been suggested as a more apt 
designation. Four factors are essential for the 
establishment of a microfocus of infection, viz., 
coexistence and intimate relationship among G. 
fsufaugarrtuijfii, chiggers, rats and secondary or 
transitional forms of vegetation [known as the 
zufintrif tetrad), 

The incubation period is 1—3 weeks. Patients 
typically develop a characteristic eschar at the site 
of the mite bite, with regional lymphadcnopathy 
and a maculopapular rash. The disease sets in with 
fever, headache and conjunctival injection. 
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Encephalitis and pneumonia may be seen in severe 
eases. The disease is not a serious problem in civilian 
□rttnCfi but j^sunies gneiLE iiUMtUkCt in military 
medicine, especially during jungle warfare, as was 
recognised in the lndo-Buirtiesc theatre in the 
Second World War. 

Considerable differences exist among different 
strains of O, fsutguganwshi in a cl □genic properties 
and virulence, a factor that complicates serodiagnosis 
and immunoprophylaxis, Three major antigenic 
types have been recognised—Karp, Gilliam and 
Kaco, 

GENUS EHRLICHIA 

L hrlkhia c arc small, Gram negative, obligated 
intmcclluar hacterta which have an affinity towards 
blood cells. In the cyroplasm of infected phagocytic 
cells, they grow within phagosomes as mulberry- 
like clusters called morula (morula, meaning 
mulberry). They are tick-home. Similar organisms 
under the names of AjidpJW/na, Co<vdria and 
iVeondbeftxu, bad long been known ro veterinary 
scientists us etolugical agents nf tickljome intectiuns 
□f cuttle and sheep. Three human infections caused 
by this group of organisms have been identified. 

The tirst of these human diseases, reported from 
Japan in 1954, was a case resembling glandular 
fever who showed serological response against the 
agent of canine ehrlichiosis. The etiological agent 
has been named EhrEcha wmctn (from '■se?mvrsu', 
the Japanese word for glandular fever). It is endemic 
in Japan and parts of South East Asia. It causes 
lymphoid hyperplasia and atypical lymphocytosis. 
No arthropod vector has hcen identified, Human 
infection is suspected to be caused by ingestion of 
fish carrying infected flukes. 

The second type of infection is 'human 
fnctfKKytic ehrlichiosis'" caused by E. cha/Jeensir. 
It is transmitted by Amblynmma ticks, Deer and 
rodents are believed to be reservoir hosts. Human 
disease ls associated with leucopenia, thrombo¬ 
cytopenia and elevated liver enzymes. Multisystem 
involvement and fatality may occur. 


The third is 'human granulocytic ehrlichiosis’ 
caused by an organism either identical with or 
closely related to the equine pathogen, £. ccjui 

[probably E. phitgoctfophite). It is transmitted by 
Ixodes ticks. Deer, cattle and sheep are the suspected 
reservoir. Leu copen ia and thrombocytopenia are 
seen in patients, Giemsa, stained blood films may 
show morula form of the ehrlichia. 

iJmcycycline is recommended tor treatment of 
ehrlichioses. 

Laboratory diagnosis: Rickettsial diseases 
may be diagnosed in the laboratory either by 
isolation of the rlckcttsiae or by serology As 
rickcttsiae are highly infectious and haw caused 
several serious and fatal infeet ions among laboratory 
workers, their isolation should be attempted with 
utmost care and only in laboratories equipped with 
appropriate safety provisions. 

Rickettsiae may be isolated in male guinea pigs 
or mice from patients in the early phase ot [he 
disease, Blood dot ground in skimmed milk or any 
suitable suspending medium is inoculated 
intruperitoucaHy. The animals have to he observed 
for 5-4 weeks and their temperature recorded daily. 
Their response to rickettsial infection varies. In 
Rocky Mountain spotted fever, guinea pigs develop 
fever, scrotal necrosis and may even die, With R, 
typhi, R, conori and R. dun, they develop fever 
and tunica reaction. R. prmnxafcu producer only 
fever without anv testicular inflammation. Smears 

J 

from [he peritoneum, tunica and spleen of infected 
animals may be stained by Giemsa or Gimenex 
methods to demonstrate the rickettsine. 

Though Laboratory strains of rickettsiac grow 
profusely in the yolk sac of chick embryos, this 
method and tissue culture are not suitable for 
primary isolation. Egg and animal inoculation 
methods have been replaced by the faster and more 
sensitive cell cultures. Rickettsiae grow we!] in 3 
to« 5 days on VeroecII MRC 5 cell cover slip 
cultures and can be identified by immuno¬ 
fluorescence: using group and strain specific 
monoclonal antibodies. 
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Serological diagnosis may be by the hererophite 
Weil-Fclix reaction or by specific tests using 
rickettsial antigens. The Weil-Felix reaction is an 
agglutination rest in which sera are tested for 
agglutinins to the O antigens of certain nonrootfc 
Proteus strains OX 19, OX 2 and. OX K. The lest 
was developed ffom the chance observation of Weil 
and Felix (1916) that a Proteus strain isolated from 
the urine of a patient of epidemic typhus was 
agglutinated by the patient's serum as well as by 
the sera of other typhus patients, The basis of the 
test Is the sharing of an alkali'Stable carbohydrate 
antigen by some rickcrtsiac and by certain strains 
of Proteus j Z 5 HI Jgarir OX 19, arid OX 2 and P. 
nw/ahtifs OX K, The test is usually done as a tube 
agglutination, though rapid slide agglutination 
methods have been employed for screening. 

Sera from epidemic and endemic typhus 
agglutinate OX 1 9 and sometimes OX 2 also. The 
test is negative or only weakly positive in Rrill- 
Zinsscr disease. In tickborne spotted fever both OX 
19 and OX 2 are agglutinated. OX K agglutinins 
are found only in scrub typhus. The rest is negative 
in rickettsial pox, trench lever, and Q_icver (Table 

46.2), 

The Weil—Felice reaction is a simple and useful 
test for the diagnosis of some rickettsial diseases. 
The antibody appears rapidly during the course of 
the disease, reaches peak titres of upto 1:1000 or 
1:5000 b_v the second week and declines rapidly 
during convalescence. False positive reaction may 
occur in some cases of urinary or other infections 


by Proteus and at times in typhoid fever and Liver 
diseases. I fence it is desirable to demonstrate a rise 
in ticre of urttibud ies fur the diagnosis of rickettsial 
infection. 

The most frequently used serological method 
using rickettsial antigens is the complement fixati on 
test. This may be done using the group specific 
soluble antigen,, or the type specific washed 
rickettsial antigen. The former test is in routine 
use ban the latter is necessary for differentiation 
berween epidemic and endemic typhus, Other 
serological tests include agglutination of rickettsial 
suspensions, passive hemagglutination of red ceils 
sensitised by ESS {erythrocyte seu si rising 
substance), toxin neutralisation, immuno¬ 
fluorescence and radioisotope precipitation. 
Immunoprophylaxis: Rickettsial diseases may 
be prevented by general measures such as control 
of vectors and animal reservoirs. Immunisation is 
useful in special situations. Killed and live vaccines 
have been prepared against epidemic typhus. The 
earliest of these was phenoliscd intestinal contents 
of lice infected per rectum with R . ptowiti&kii 
(Weighs vaccine). This was toa complicated for 
mass production, Castaneda developed a 
formal]nised mouse lung vaccine. Effective 
vaccination became possible only after Cox 
developed the inactivated yolk sac vaccine. A live 
vaccine using the attenuated strain E has been found 
to be highly immunogenic but a proportion of 
vaccinees develop mild disease. The Cox type 
vaccine has also been prepared against Rocky 


Table 46.2 Weil-Felix reaction In nldtsttslal diseases 


Disease 

Agglutination pattern until 


OX19 

OX2 

OXK 

Epidemic typhus 

+ f # 


- 

Brill— Zinsser disease 

Usually negative or week positive 


- 

Endemic typhus 

4+# 

± 

- 

Tickborne sparred fever 

■+ * 

t 4 

- 

Scrub typhus 

- 

- 

+*+ 
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Mountain spotted fever. However, there is mo 
satisfactory vaccine available against any of the 
rickettsial diseases. 

GENUS COXIELU: 0 FEVER 

Dc nick (1935) in vestgating an our Weak of 

typhoid-like lever in abattoir worker's in Brisbai ic, 
Australia, transmitted the infection to guinea pigs 
by inoculation of blood from patients. As the 
etiological agent of the disease was unknown, it 
was referred to as 'Query' or fever, As Burnet 
identified the causative agent as a rickettsia, it was 
stained R , burntdi. At about the same time, the 
same agent was isolated independently by Cos in 
the USA from ticks, and was called R, dinporica, 
the name referring to its ability to pass through 
pores of Biters impermeable to other riekettsiae. 
The Australian and American strains were 
subsequently shown to be identical. As the Qjever 
agent differed front other riekettsiae in many 
features (smaller size, greater resistance to heat and 
drying, major transmit on route being inhalation 
or ingestion,, Idependent of arthropod vectors), it 
has been separated from riekettsiae into a special 
genus and renamed CoxicUa burnetii. It ha? been 
assigned to the group Pmtohactcrij. along with other 
genera like Legionella and FranascBM 

QJhncx is distributed worldwide, as a zoonosis 
solidly established in domestic livestock- Wild 
animal? such a? the bandicoot may be the primary 
reservoir. It is transmitted among them, and to cattle, 
sheep and poultry by iumdid ticks. (Yansovarial 
transmission occurs in ticks. Coxiclla are abundant 
in tick feces arid survive in dried feces- for long 
periods, They are shed in the milk of infected 
animals. They are particularly abundant in their 
products of conception and contaminate the 
environment at parturition.. 

H nman infection may occur occupationally 
through handling wool or hides, meat or other 
animal products contaminated with the organism. 
Drinking infected milk can. transmit the infection. 
Coxiella may enter through abraded skin, mucosa. 


lungs or intestinal tract. Person-to-person 
transmission is a rarity. Ticks do not seem to be 
important in human infection. 

Cox. hurnexi' is widely prevalent in birds and 
animals ip India, as shown by serological survet's, 
but human disease has been identified only rarely. 
The human disease is an acute systemic infection 
characterised by an intersritial pneumonia. The 
clinical picture is very variable and asymptomatic 
infections very common. In chromic Q^feve, the 
CQJtidla spreads through almost all organs and may 
cause hepatitis, meningoencephalitis or 
endocarditis. Spontaneous recovery is usual. The 
coxi-clla may remain latent ill the tissues of patients 
for 2-3 years. 

Cox. burnetii is an obligate intracellular 
pathogen, primarily infecting the monocyte- 
macrophage cells. It occurs as rods 0.2H3.4 pm x 
Cl.4-1,0 pm or as spheres (1.3-Q.4 pm in diameter. 
It is filterable, Generally regarded as Gram 
negative, A. it is better stained with CHminec and 
other riekettsiae strains 

In dried feces or wool it survives for a year or 
more at 4 “G and in meat at least for one month. It 
is rot completely inactivated at 60 "C or by 1% 
phenol in one hour. In milk it may survive 
pasteurisation by the holding method, but the flash 
method is effective. It grows well in the yolk SAC of 
chick embryos and in various cell cultures. 

Cox. burnetii shows phase variation, Fresh 
isolates arc in Phase J. it becomes Phase II on 
repeated passage in yolk sac, bur reverts to Phase I 
by passaging in guinea pigs. Phase 1 cells are 
autoagglut in-able and arc phagoeytOSvd ill the 
absence of antibody. Phase I activity is due to a 
periodate-sensitive trichloracetic acid-soluble 
surface carbohydrate. Phase 1 is a more powerful 
immunogen than Phase 11 and elicits.good antibody 
response to both 1 and II antigens. Phase II antigen 
is more suitable for complement fixation tests. Q_ 
fever sera do not cross-react with rickettsial or 
pmteus bacillus antigens. 

Laboratory diagnosis is by serology, by 
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complement fixation nr indirect immuno¬ 
fluorescence assay. Isolation of the coklcIIs from 
blood, sputum or other clinical specimens is 
possible, but is not recommended due to [he hazard 
of laboratory infection. 

r 

Vaccines have been prepared from formalin 
killed whole cells, trichloracetic acid extracts and 
attenuated strains, hut they art not for general use. 
Treatment is with doxveydine. In endocarditis 
prolonged treatment with combinations of 
tetracycline, cotrimoxazole or nfampicin may be 
required. 

BARTONELLA 

Bartonellae are tiny Gram negative bacilli, usually 
transmitted by arthropods, which invade 
mammalian endothelial cells and blood cells. 
Human pathogenic strains are B, bAeilhtatriiia, 
H, quintan* and ft hen*chic. The genus contains 
species causing a number of tickbornc fevers of 
animals. Identification and classification ot members 
of bartoncUae, rickettsiae, chlamydiae and related 
bacteria often depend on sophisticated molecular 
methods like 165 RNA analysis. 

Ha rtonella B acilliformis 

In 1870, when the railway tine from Lima to Oroya 
in Ptru was being built, an outbreak of fever killed 
thousands of workmen. The disease was called 
Ormv fever, which was seen in the mountainous 
parts of Peru, Columbia and Ecuador in South 
America. Some of the survivors developed nodular 
ulcerating skin lesions, called verruga peruana.. The 
common etiology of these two conditions was 
established tragically in 1HH5 by the Peruvian 
medical student Daniel Carrion. He inoculated 
himself with material from verruga and developed 
Oroya lever from which he died. Oroya fever is 
therefore also known as Carrion's disease. 

Oroya fever presents as lever and progressive 
anemia due lu bacterial invasion of ervtbrocvtCS. 
Mortality is high in untreated cases. A late sequel 


in survivors or in those with asymptomatic infection 
is vcmtga peruana- 8- bmollifomm is seep inside 
erythrocytes and In the skin lesions. It is a 
pleomorphoLC Gram negative rod, which is motile 
by a tuft of polar flagella. It can be cultivated in 
semisolid agar with rahhif or human blood. 

Bartonbi i,a (Rochaumaea) 

Oi IMANA 

During the First World War, over u million cases 
of a disease known as french /ever or frrc-day jfrver 
occurred among soldiers righting in the trenches 
in Europe. "Ilie disease was not fatal bur because of 
its slow course and prolonged convalescence, it 
caused very considerable loss of manpower. 

Trench lever Is an exclusively human disease 
and no animal reservoir is known. I t is transmitted 
by the body louse. The feces of lice becomes 
infectious 5—10 days after an infectious meal. The 
lice are unharmed and remain infective throughout 
their live*. Vertical transmission does not occur in 
lice. The causative agent was identified as a rkkettsia 
and named R. quirifana {from Quintana, meaning 
fifth, referring to ‘rive-day fever', a synonym for 
trench fever), As it was found to differ from 
rickettsiae in a number of respects, including its 
ability to grow in cell-free culture media such as 
blood agar, it was separated into a new genus 
Rochalimaca {after da Rocha Lima, an early 
investigator of rickettsial diseases). In a subsequent 
taxnnomical shift, it has hecn reclassified as 
Bartonella and named B. tfuintnx. 

The disease frequently leads to a chronic or 
latent infection. Recrudescence may occur as in 
Rrill-Zinsscr disease and relapses have been 
reported as long as 20 yeans alter tlie primary disease. 
The chronic infection and late relapses help to 
maintain the bartonclla in the absence of animal 
reservoirs. 

Trench fever was thought to have vanished with 
the world wars. But isolation of B , quiotjuu from 
Tunisia and Mexico recently suggests that the 
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disease may be more widely distributed thin IS 
realised. Trench fever cases have been identified in 
some homeless persons living ilk unsanitary 

conditions in the USA. 

BARTONELLA HENSELAE 

A febrile illness with lymphadenopathy following 
a cat scratch had been known for long under the 
name ‘car scratch disease', but its etiology remained 
elusive. H. henselae has been isolated from tlie blood 
of patients, in blood media after prolonged 
incubation and is, now considered as its etiological 


agent. It can be demonstrated in lymph node biopsy 
smear* and sections by Warihin-tjrarry staining. 

B. henseke has been also linked with two other 
conditions, seen more commonly in HIV" infected 
and other itnnwnodeM v i ent persona. These ate 
bacillary angiomatosis, in which vascular nodules 
or Tumours appear on the skin* mucosa and other 
locations, and bacillary pcliasi# involving the liver 
and spleen. 

Angiomatosis may also lx due to B, quintans in 
some eases.- Another organism Afipia felt* had also 
been proposed as a cause of CAE scratch disease. 
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Chlamydiae 


Chlamydiae arc -obligate intracellular bacterial 
parasites of humans, animals and birds with tropism 
for squamous epithelial cells and macrophages of 
the respiratory and gastrointestinal tracts. Due to 
their fiiterabilily and failure td grow in cell-free 
media,, they were considered to be viruses. Based 
on the human diseases rhev were then known to 
cause, they were called psittacosis- 
lymphogranuloma-trachoma (PLT) viruses* or 
noncommittally as TLT agents’. However, they 
differ from viruses in many respects. They possess 
both DNA and RNA, have cell walls and 
ribosomes, replicate by binary fission without an 
"eclipse phase’, and are susceptible to the usual 
antibiotics and chemotherapeutic agents. They are 
therefore accepted as bacteria. Unlike other bacteria, 
they du not have peptidnglycan cell walla, Tbev 
lack enzymes of the electron transport chain and 
so require ATP and nutrient resources from host 
cells. They have therefore been called energy 
parasites. 

In recognition of the pioneering studies of Sir 
Samuel Bedson on psittacosis, the name Bndsunra 
was proposed for this group. However, they are 
now officially classified as bacteria belonging to 
the genus CWanydra, in the family Chlamydiaceae, 
under the order Chlamydialcs. 

The genus Chlamydia contains four species: 
—C. trachomatis, C. psiftaci, C. pneumoniae, which 
can affect humans; and the fourth species, C. 
peCofum created recently to include some Strains 
affecting ruminants. Species differentiation is based 
on growth characters, nucleic acid profile, antigens, 
plasmids and nature of the inclusion body. 


C, trachomatis strains form compact inclusions 
with the glycogen matrix, are sensitive to 
sulpHonamictes, and are natural parasites of humans, 
usually causing localised infections- of the eyes and 
genitals. C pwiltap strains form diffuse vacuolated 
inclusions without the glycogen matrix, are resistant 
to sulphonamidcs and arc natural parasites of birds 
and animals, capable of causing pneumonia and 
generalised infections in humans. C. pneumoniae 
is an exclusive human pathogen with no animal or 
avim host. It is a common cause of acute respiratory 
disease worldwide. 

Morphology and growth cycle: 
Chlamydiae occur in two forms,, the elementary 
bod}' and the rericufafe body (formerly also called 
the 'initial body'). The elementary body is the 
extracellular, infective form. It is a spherical particle, 
200-300 nm in diameter, with a rigid trilaminar 
cell wall similar to the cell walls of Gram negative 
bacteria, and an electron dense nucleoid. The 
reticulate body is the intracellular growing and 
replicative form, 500—1000 nm in size. Its cell wall 
is fragile and pliahle, leading to pleomOTphisin. 

Infection is initiated by the attachment of the 
elementary body to the surface of a susceptible 
epithelial cell, followed hy its endotytosis (Fig. 
47.1). Inside the host cell, the elementary body lies 
within the endosome, being separated from the host 
cell cytoplasm by the cndosomal membrane 
throughout its active growth cycle. By about eight 
hours, the elementary body within the endosome 
undergoes spheroplafit-Hkc transformation to the 
large reticulate body, which begins to divide by 
binary hssion by 12 hours. By 20—24 hours, the 
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I. Elementary body 4EB): 2. EB attache* (•> «1I receptor, J. EB oiaen cell by efsAccyiosis. By 8 Imnvbl 4. E8- FeoefanimKl 
inith reuiduBt (RB); 5. Host cell pwtti airw) hy 12 Nnirs, Rft undersfuireg ^niui; 6 By 24 hJtifx inou*i«-»n body with RB 
and tfcvdnpinj Eft; 7. By Whoun inclusion huh coniflining infecumifc EB. Nudciii pushed Lo periphery; S, By 4W hour*, 
iJl'jui mjitvl lysis iri cell n.'h.\r-i ny bU 

Fig, 47.1 Reproductive cycle at Chlamydia 


pleomorphic progeny show central condensation 
and are converted io elementary bodies. Binary 
fission continues till about 40 hours. The 
developing chlamydial microcukmy within tht ln)s' 
cell is culled the mc/usitm body’■ The mature 
inclusion bodv contains 10' I 500 elei'nctltarv bisdu'S 

v J' 

which arc i Liesri latrch' released from the host celL 
In C. psittad infections, the host cell is severely 
damaged arid release of the clemenf*ry bodies 
occurs within 48 hours by host cell lysis- With C 
trtdkrmjcts, the mature inclusion appears to he 
exncytosed in 72-9b hours, the host cell being left 
with a scar (Rig- 47.1), 


During the active intracellular growth of the 
organism, the chlamydia specific lipopoly- 
sarcharidcs accumulate on the host cell surface. 
This highly antigenic material induces 
inflammatory and immunological responses which 
contribute to the pathogenesis of chlamydial 
diseases. 

Chlamydias can he propagated in the mouse, 
chick embryo or in ceD culture though they show 
individual variations in susceptibility. 

Resistance; Chlamydiac are heat labile, being 
inactivated within minutes at 56 *C. They arc 
susceptible to ethanol, ether and low concentrations 
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Table 47.1 Human diseases caused by Chlamydiae 


.Species 

Serotype ' 

Disease 

C trachomaris 

A, B, Ba, C 

Endemic blinding trachoma 

C. tnc/mnctu 

O, E,F,G, HJJ, K 

Inclusion conjunctivitis (neonatal and adult) 

Genital chlamdiasis 



Infant pneumonia 

C. tr-jehufnatif 

LI, L2, L3 

LymphLr^fanulocna venereum 

C. psittnei 

Many serotypes 

Psittacosis 

C. pneumoniae 

Only one serotype 

Acute respiratory disease 


” J *tllU? n 1 jr i j. i-n 1 rvpcK associated with the (lixnw 


of phenol and formalin, Inactivity is maintained 
for several days at 4 '■'C. They can be preserved 
frown at —70 “C or lynphilised. 

Antigenic properli.es: Chlamydiae possess 
three major kinds of antigens, The first is the heat 
stable, genus specific antigen common to all 
chlamydiae. This is a Upopolywcchiride rcsemh]ing 
the LPS of enteric Gram negative bacilli. This is 
present in all stages of the developmental cycle and 
can he identified by the complement fixation test. 
The second type of antigens are tile species-specific 
protein antigens, present at the envelope surface. 
These arc present in all strains of a chlamydial 
species. They help in classifying chlamydiae into 
the Species—rracAuma ris, psil r jo ^pneurna j-j u .c and 
pecoriirti. The third kind of antigens help in 
irmaspccic* typing* as they'arc found H>nly in some 
members of a species. They are located on the major 
outer membrane proteins (MGMP) and can be 
demonstrated by micro immunofluorescence. By 
micro-IF* chlamydiae have been classified into 
many serological variants (scrovar*, serotypes). 

C- fmchomaris is classified into two broad 
btovars (biological variants) which cause trachoma, 
inclusion conjunctivitis (TRIG) and 
lymphogranuloma venereum (LGV), respectively. 
The TRIG biovar has been classified into 12 
serovars— A, K, Ra and C causing blinding 
trachoma in endemic areas, and srravare D to K 
associated with the less serious occular infection, 
inclusion conjunctivitis and with various genital 
infections;, Sowars Ll* L2 and L3 cause LGV and 


hemorrhagic proctitis. 

The serological classification of C, psirwei is 
complex, many Serotypes having been identified- 
C- pncurtlwiisc has not been subclassificd as only 
one serotype is known (Table 47.1). 

Laboratory diagnosis Four approaches are 
available for laboratory diagnosis of cblaitiydiaL 
infections: (1) microscopic demonstration of 
inclusion or elementary bodies; (2) isolation of 
chlamydia; (1) demonstration of chlamydial antigen 
and (4) demonstration of antibodies or 
hypersensi tivitv- 

Chbmydiat elementary bodies and inclusions 
are large enough to be seen under the light 
microscope. Chlamydia are Gam negative but are 
Stained better by Gtemsa, Castaneda, Machiavello 
or Giminea stains. Microscopic examination of 
Gicmsa stained conjunctival scrapings for the 
inclusion bodies is useful in the diagnosis of ocular 
infections particularly in neonatal inclusion 
conjunctivitis. Because of the glycogen matrix of 
C. trachomatis inclusions, they can be stained with 
Lugol's iodine* Iodine staining of conjunctival 
scrapings has been used as a rapid and simple 
screening method for trachoma and inclusion 
conjunctivitis* However, its sensitivity is poor as 
iodine staining occurs only in certain stages of 
development of the inclusions. It is, however, useful 
in the rapid screening for chlamydial inclusions in 
cell cultures inoculated with clinical samples. Iodine 
staining is not applicable in C. psiftaci because its 
inclusions do not contain glycogen. 
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or type-specific micro-IF. The CF rest ire used 
mainly in invasive chlamydial infections— 
psittacosis and. LQV. A fourfold rise in titres is 
diagnostic. As low titre, group- specific antibody 
may be present in the sera of many persons due tu 
exposure to other ehlamydiae, a single CF antibody 
test is not diagnostic of psittacosis or LGV unless 
the time is high - 1:64 or greater CF test is of 
little value in TR1C infections, in which micro-IF 
is more useful. Micro-IF -can test IgG and. IgM 
antibody separately. Titres of '1:8 or greater arc usual 
in infected persons. Enzyme immunoassays also are 
avaitable.The initial antibody response is IgM, 
which is replaced by IgG after about a month. 
Recurrent infection with the same serotype induces 

only IgG response. As Low time antibodies arc 
frequently seen in healthy individuals, the diagnostic 
criteria for serology are seroconversion, fourfold 
rise in JgG tirre or presence of IgM antibody. High 
litre antibodies are usually seen only in infant 
pneumonia, salpingitis and LGV'. 

Demonstration of hypersensitivity by stein testing 
(Frci s test) was widely used fnrmerly for diagnosis 
of LG V but has been given up because false positive 
results are very frequent. 

CHLAMYDIA TRACHOMATIS 

C. trachomatis is a leading cause of ocular and 
genital infections worldwide. 

Trachmnin: Trachoma is a chronic keratocon¬ 
junctivitis characterised by foUk-uIar hypertrophy 
papillary hyperplasia, pantius formation and in the 
late stages, cicatrisation. The name trachoma is 
derived from the Greek makhus [rough] relriring 
to the roughness of the conjunctiva in the disease. 
Though Halberstaedter and Prowaaek in 1907 
transmitted the infection tn orangutans and 
demonstrated in conjunctival smears the 
characteristic inclusion body that bears their names. 
Cultivation of the chlamydia became possible only' 
half a century later, when Tang and colleagues 
(1957) grew it in the yolk sac of eggs. 

Infection is transmitted from eyc-to-cyc by 


fingers or fnmites, Fties may transmit the infection 
mechanically. It may also be carried by dust, in 
which case infection may he facilitated by minor 
abrasions caused by dust particles. The incubation 
period is variable and influenced by the dose of 
infection. Onset is insidious. 

Trachoma has been classified into several Stages, 
The earliest is trachoma dubium, where the disease 
is just a Suspicion. Prolrachoma is the stage of 
conjunctival Lesion before follicles become visible. 
The inclusion bodies arc not usually demonstrable 
in these early stages. Established trachoma 
progresses through stages I-IV. Infectivity is 
maximum in the early cases, Stage IV i& 
nor infectious. 

Laboratory diagnosis: The characteristic 
inclusions (FMttrrtacditer Prowack or HP bodies) 
maybe demonstrated in conjunctival scrapings, after 
stauling h_y Giemsa, Castaneda or Machiavelio 
methods. Because they possess a glycogen matrix 
they may be Stained with iodine which enhances 
the sensitivity of smear diagnosis. 

The chlamydia may be grown in. the yolk sac of 
6-8 days old eggs. The material ]s treated with 
streptomycin or polymyxin B before inoculation. 
The eggs are incubated at 35 "G in a humid 
atmosphere. Blind passages may be necessary for 
isolation. This method is seldom used now as it IS 
time consuming,, cumbersome and relatively 
insensitive. 

Tissue culture using stationary phase cells 
(nonreplicating cells) is the method of choice for 
isolation, McCoy cells rendered nonieplicating by 
irradiation or antimetabolitcs arc used. HeLa or 
HI, cells treated with DEAE dextran may also be 
used. The inoculum has to be driven into the cells 
by centrifugation upco 15,MO g to get a goad 
growth. 

Treatment: Local application and oral 
administration of erythromycin and tetracycline nr 
other suitable antibiotics should be continued for 
several weeks- A singk-dose azitromycin treatment 
has been used with good results. 
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Lymphogranuloma Venereum 

This sexually transmitted disease. characterised bv 

* r J 

suppurative inguinal ndcnritis, has been known in 
the tropics for a long ciinc under various names: 
IvTnphtijrraniuloETia inguinale, poradenitis, climatic 
or tropical bubo. It is caused hy the LGV serovar* 
of Chlam. trachomatis, Ll. L2 and L3—most 
cummunlv L2. LGV serovars arc more invasive than 

r 

the other immonotypes of ChUfit. crochomitis. 
Their preferred site of multiplication is the regional 
Ivmph nodes, in contract to TRIC serovars which 
fraw in. epithelial cells. 

The primary lesion is a small painless 
papulovesicular lesion appearing on the external 
genitalia (or rarely cxtragcniral sites) after an 
incubation period of three days to five weeks. The 
secondary stage developing about two weeks later 
results from lymphatic spread to the draining 
Lymph nodes. In men the inguinal lymph nudes are 
involved most often and in women the intrapelvic 
and pararectal nodes. Women and homosexual. men 
may develop hemorrhagic proctitis with regional 
lymphadenitis. The nodes enlarge, suppurate, 
become adherent to the skin and break down to 
form sinuses discharging pus. Metastatic 
complications may sometimes occur, with 
involvement of joints, eyes, and meninges. The 
tertiary stage is chronic, lasting for several years, 
representing the sequelae of scarring and lymphatic 
blockage. Late sequelae are more distressing in 
women leading to rectal strictures and elephantiasis 
of the vulva (esthiomene), 

Lahnratary diagnosis: The primary lesion 
usually goes unnoticed and the disease is seen 
commonly First in the stage of inguinal adenitis 
(bubo). Smears of material aspirated from the bubos 
may show the etementarv bodies (Miyugawa's 
granulocorpusclcs). J I"hc sensitivity 7 of microscopic 
diagnosis is very low. Isolation of the chlamydia by 
intracerebral inoculation into mice and into yolk 
sac of eggs has been replaced by cell cultures. LGV 
patients develop high titles of circulating antibodies. 


with titres of 1:64 or more in CF test and 1512 or 
more in micro - IF. Sexological diagnosis is 
therefore feasible. 

An intradermal test originally described by Frei 
in 1925 was commonly used formerly. The etude 
chlamydial antigen originally obtained from the 
bubo pus, and later from mouse brain or yolk sac 
cultures (Lygramim), was inoculated intradcrmally 
in the forearm, with a control on the other arm. 
Induration of 7 mm or more in 2-5 days was 
considered positive. Due to the frequent occurrence 
of false positive reactions, Frei’s test is now not in 
use. Treatment is with tetracycline, which should 
he given for at Least three weeks. 

CHLAMYDIA FSITTACl 

Psittacosis 

Psittacosis in u disease of parrots (psjrtacos means 
parrot) and other pdttadne birds, transmissible to 
human beings. A similar disease acquired by 
nonpsittacine birds was called ornithosis {omithos 
meaning birds) bur the distinction is now no longer 
employed, both conditions being called psittacosis. 

Infection in birds is Usually subchnical leading 
to a carrier state. Overt disease may be precipi tated 
by caging or overcrowing and is manifested as 
diarrhea, mucopurluciiE respiratory discharge and 
emaciation. Chlamydia arc shed in the droppings 
or nasal discharge and aerosols are liberated. 
Human infections are mostly occupational, as id 
poultry workers, pigeon farmers, petshop owners, 
bird fanciers and veterinarians. Infection is by 
inhalation- Rare cases of infection by parrot bites 
have been reported. Consumption of poultry 
products docs not lead to infection. Case to case 
transmission in humans is rare but has been 
recorded. The high infectivitv of psittacosis is 
indicated by the frequency of laboratory infections, 
Strains from parrots and turkeys are more virulent 
than those from other avian sources. 

"iTie incubation period is about ten daw.. Clinical 
disease varies from a mild influenza-like syndrome 
to a fatal pneumonia. Though pneumonia is the 
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usual cliiriCil maQjteslatiun, psittacosis ii a 

septicemia and may lead to meningoencephalitis, 
endocarditis* pericarditis, arthritis or a typhoid-like 
syndrome. 

Liri’Mratory diagnosis: The chlamydia can 
he isolated from Wood during the early stages erf 
the disease and from sputum later on. Infected cells, 
including alveolar macrophages from patients, and 
mouse brain,, yolk sac and cell cultures show 
inclusion bodies (Lcvinthal^Cole-Llllie m LCL 
bodies). These differ from C. trachomatis snetarion 
in being more diffuse and irregular, not stained by 
iodine and nor inhibited by surfphad twine or 
cycloserine. It is generally difficult to recover the 
chlamydia from patients treated with antibiotics. 
Isolation ■should he attempted only in laboratories 
where special containment facilities arc available, 
as laboratory infection lS a serious hazard. 
SiTijlogic.il diagnosis may be made by the group 
specific CK test or type specific micro-lF, 

CHLAMYDIA PNEUMONIAE 

Grays ton. and colleague* (1986) isolated a 
chlamydial strain from acute respiratory disease in 
adults in Taiwan and designated it as LI psfrraci 

strain TWAR (from Taiwan Acute Respirator)'). Jt 

possessed the group-specific antigen in common 
with C. priftad and C Jtiachomafffl 11111 could he 
distinguished from both of them by species-specific 
antigens, DNA hybridisation and restriction 
endonuclease analysis. I I us appears to be an 
exclusively human, chlamydia fcruitmirted from 
human to human without any avian or animal host- 
It grows poorly in cell cultures. Because of these 
properties it ha* been classified as a separate Species 


called C. pneumoniae. 

It appears to be a common cause erf respiratory 
disease in older children and adults worldwide. 
Antibodies have been demonstrated in the sera of 
About 50 percent of adults from different parts of 
the world. It* clinical spectrum includes 
pharyngitis, sinusitis, bronchitis and pneumonia, 
which resembles Mmj/jfa?i™ pneumonia. It has 
also been associated with adult onset asthma. The 
incubation period is 1-3 weeks. Outbreaks have 
been reported in dosed communities. Primary 
infections occur in young children. Reinfections 
arc common- Serum antibodies do not appear to 
be protective. 

1 Diagnosis is hv antigen detection by RIA, direct 
immunofluorescence or molecular methods, as 
isolation of the organism is very difficult, 
Serodiagnosto is by CF, ELISA or m iero-IF. 
Treatment is by dite of the new macr slide 
antibiotics like clarithromycin or azithromycin. 

Considerable interest has been aroused by recent 
reports linking C. pneurmmiae with atherosclerosis 
and its clinical effects like coronary, carotid and 
cerebral arterial disease. Apart from seroepidenbo* 
logical evidence, the finding of the chlamydial 
antigens in, the isolation of the organism from 
coronary artery atheromatous plaques, and the 
experimental induction of atheroma in rabbits 
infected with the chlamydia strengthen the 
association. Early result* of anil-chlamydial 
intervention studies in experimental animals and 
human volunteers also arc consistent with a 
causative role of C. pneumoniae in vascular 
atheromatous disease. However, more work will 
haw ro be done before the issue is finally settled. 
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General Properties of Viruses 



Unicellular microorganisms may he classified in 
descending order of complexity as euJbuyores, such 
as protozoa and fungi, and proJkoyores, suck as 
bacteria,, mycoplasmas, rickettsiae and dklatltydiae. 
Viruses do not fall strictly Into the category of 
unicellular m LCHxnganisms as they dn not possess 
a cellular organisation. Even the simplest of 
microorganisms are cells enclosed within a cell wall, 
containing both types of nucleic acid (DNA and 
RNA), synthesising their own macromolecular 
constituents and multiplying by binary fission. 
Viruses, on the other hand, do not have a cellular 
organisation and contain only one type of nucleic 
acid, either DNA or RN r A but never both. Thcv 
are obligate intracellular parasites. They lack the 
enzymes necessary' for protein and nucleic acid 
synthesis and are dependent for replication on the 
synthetic machinery of host cells. They multiply 
by a complex process and not by binary fission. They 
are unaffected by antibacterial antibiotics-, The major 
differences between viruses and microorganisms arc 
shown in Table 48.1. In spite of these basic 
differences, viruses are generally considered 
microorganisms in medical microbiology. 


Viruses occupy the twilight zone that separates 
tile ‘living’ from the ‘nonliving’. The demonstration 
by Stanley (193-5) that viruses could be crystallised 
like chemicals, and the extraction by Gcirer and 
Schramm (1956) of "infectious nucleic add’ from a 
virus that could infect host cells and yield co-mplete 
virus progeny made it appear that viruses were only 
'living chemicals'. Recent advances in molecular 
biology seem to make rhe distinction between 'life 1 
and "nonlife’ little more than a semantic exercise. 
As the smallest ‘living units', viruses offer the best 
models for understanding the chemistry of life’, 
lire medical importance of viruses lies in their 
ability to cause a very large number of human diseases, 
Viral diseases range from minor ailments such as the 
common cold to terrifying diseases such as rabies or 
AIDS. They may be sporadic like mumps, endemic 
Like infectious hepatitis, epidemic Ike dengue fever or 
pandemic like influenza. They may be localised to 
circumscribed areas {as some attovirus diseases) or 
worldwide {as I Ieipes simplex). The control of bacte¬ 
rial infect bon with antibiotics has- enhanced the role 
of vital infections in human disease. Viruses can cause 
cancer in animals and birds, as well as In humans. 


Table 4a. i Properties of prokaryotes and viruses 



Ceiiular 

organisation 

Growth on 

ii'LUlJJiWre 

media 

Binary 

6nton 

Both D\’A Ribototna 
and RNA 

Sensitivity fa 
antlfwicteriaf 
irr tibia tics 

Sensitisin' to 
imerfumn 

Bacteria 

+ 

* 

* 

4 
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4 
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Mycoplasma* 

4 

+ 
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+ 

- 

Rideettnu 
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4 
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Chlamvdiac 

+ 
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# 

4 

4 

■Viruses 

- 

- 

- 

- 

- 

- 
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Suwi The extracellular infectious virus particle is 
called [he virion. Viruses are much smaller than 
bacteria. It was their small size and “filterabiliry 1 
(ability to pass through filters that can hold hack 
bacteria) that led to their recognition as a separate 
class, of infectious agents. Hence they were for a 
time known as “filterable viruses'- As they were too 
small to be seen under the light microscope, they 
weir called 'ultramicroHcnpic'. Some of the larger 

viruses, such as poxviruses, can be seen under the 
light microscope when suitably stained. The virus 
particles seen in this manner are known as 
'elementary bodies 

Viruses vary widely in size. The largest among 
them (for example poxviruses) measuring about 300 
nisi, arc as large if the smallest bacteria 
(fltycoplasma). The smallest viruses (for example 
parvovirus) measuring about 20 nm are nearly as 
small U the largest protein molecules such as 
hemocyanin. 

The earliest method of estimating the sisse of 
virus particles was by passing them through 
Collodion membrane filters of graded porosity 
(gradocol membranes). The average pore diameter 
of the finest filter that permitted passage of the 
vinor gave an estimate oJ its sbe- With the 
development of the ultraccntrifLigc. a second method 
became available. From the rate of sedimentation 
of virus in the ultraoentri fuge, the particle sHt could 

lie calculated using Stokes' law-. The. third and the 
most direct method of measuring virus size is 

electron j n j c r04£ op V- Purified preparations of virions 
may be examined under the electron microscope 
either unstained or stained. By this method* both 
the shape and size of virions can be studied. 
Structure ami shape: The virion consists 
essentially of a nucleic acid surrounded by a protein 
coat, the capsid , The capsid with the enclosed 
nucleic acid is known is the nueltHfcapsid. The 
function of the capsid i s Co protect the nucleic acid 
from inactivation by nucleases and other deleterious 
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agents in die environment. Tlte capsid is composed 

of a large number of caps timers which farm its 
morphological units. The chemical units of the 
capsid arc polypeptide molecules which are 

anranged symmetrically In form an imprrittrable 
shell around the nucleic acid core (Fig. 43kJ). One 
of the major functions of the capsid is to introduce 
viral genome into host cells by adsorbing readily 
to cell surfaces. 

Two kinds of symmetry are encountered in the 
capsid, kosahedral (cubical) and helical. An 
icosahedron is a polygon wish 12 vertices or corners 
anti 20 facets or sides. Each facet is. in the shape nl 
an equilateral triangle. Two types of capsnmcrs 
constitute the icosahedral capsid. They are the 
pentagonal capsomcrs at the vertices (pentons) and 
the hexagonal capsomers making up the facets 
(herons). There are always 12 pen tons hut the 
number of hexons varies with the virus group. In 
the nucleoeapsids with helical symmetry, the 
caps ornery and nucleic acid arc wound together to 
form a helical or spiral tube. The tube may be rigid, 
as in the tobacco mosaic virus but in tile case of 
animal viruses, t he tubular nuqleocapsid i# pliable 
and may be coiled on itself. Not all viruses show 
(lie typical icosahedral Or helical symmetry. Some, 
like the poxviruses, exhibit a complex symmetry 

Virion* may he enveloped or noncnvelopcd 
(naked). The envelope or outer covering of viruses 
is derived from the host cell membrane when the 
progeny virus is released by budding. The envelope 
is lipoprotein in nature. The lipid is largely of host 
cell origin while rhe protein is virus coded. Protein 
subunits may be seen ,ls projecting spikes OQ the 
surface of the envelope. These structures are called 
pcplotitcrt (from pephix, meaning envelope). A virus 
may haw more than one type of pcplomer. The 
influenza virus carries two kinds of peploitiers - 
the hemagglutinin which Is a triangular spike and 
the neuraminidase which is a mushroom shaped 
structure. Envelopes Confer chemical, antigenic and 
biological properties on viruses. Enveloped viruses 
are susceptible to The action of lipid solvents like 
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ether, chloroform and bile salts. Specific 
neutralisation of vims infectivity depends on 
antibodies to ike surface antigens, Biological 
properties such as attachment to host cel I surface 
or hemagglutination depend on the envelope. Some 
viruses possess additional structural leatures. For 
example, fibrils protrude front the vertices of 
adenovirus particles. 

The overall shape of the virus particle varies in 
different groups of viruses. Most animal viruses arc 
roughly spherical. Some are irregular and 
pleomorphic, The rabies virus is bullet shaped, 


Ebot virus filamentous and • < • iv bn k 

shaped" the tobacco mosaic ■. in. is i . shape 
Bacterial viruses haves complt • ■rpliolngt I . 
4S.2). 

Chintietil properties: Viruses contain only 
one type of nucleic acid, either single or double 
stranded 1)N A or UNA. In this respect, viruses are 
unique, for nowhere else in nature genetic 
info rniacion solely earned bv RNA. Viral nucleic 
acids may he extracted by treatment wilh delcrgents 
or phenol and, in the case sun vinous t : 
example picornavirus, ■ ■ r - ■ . rbe extracted 
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Fig. 4&.2 Cduoparaiive sues and shapes o? d^rferenl groups o( viruses, 1. Poxviruses 2. Rhabdovirus 
3, Herpesvirus 4, Retrovirus 5 Togavirus 6, Adenovirus 7, Parvovirus 6, Picornaviru-s 9, Bacteriophage 
10. Coronavirus 11 Orthomyxovirus 12- Paramyxovirus, 
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nucleic acid is capable »i initiating in Nation when 
in traduced Into host cells. 

Viruses also contain protein which makes up 
the capsid. Viral protein, besides protecting the 
nucleic acid,, also determines the antigenic specificity 

of the virus. Enveloped viruses contain lipid-- derived 
from the host cell membrane. Some viruses also 
contain small amounts i>5 carbohydrate. Most viruses 
do not possess any enzymes for the synthesis of 
viral components or for energy production bur some 
have other enzymes, for example, the neuraminidase 
in the influenza rims. Retrovirues have .1 unique 
enzyme, RNA-depcndent-PNA polymerase or 
■transcriptase’ which can transcribe RNA into 
DN A. 

Kcsislu[ice: With few exceptions, viruses are 
very heat labile,There are individual variations but 
in general, they are inactivated within seconds at 
56 minutes at 37 °C and days at 4 °C, They art* 
stable at tiny temperatures. For long ftm storage, 
they are kept frozen at -70 'C. A better method for 
prolonged storage is lynphihsaticm or freeze drying 
{drying the frozen virus under vacuum). Lyopliilised 
virus can be stored for years and reconstituted when 
required by adding water. Some viruses (such as 
poliovirus) do not .stand freeze drying. Viruses vary 
greatly ir (heir resistance to acidity. For example, 
enteroviruses arc very resistant to arid pH while 
rhinoviruscs are very susceptible. All viruses are 
disrupted under alkaline conditions. 

V iruses are inactivated, by sunlight, T JY rays and 
ionising radiations. They tre* in general, more 
resistant than bacteria to chemical disinfectants, 
probably because they lack enzymes. Phenolic 
disinfectants arc only weakly virucidal. Bacteria are 
killed in 50 per cent glycerol saline but this acts as 
a preservative for many viruses {for example vaccinia, 
rabies). Molar concentrations of certain salt# 
(MgO,, NySCq} also protect Home viruses (for 
example poliovirus) against heat inactivation. The 
most active antiviral disinfectants ate oxidising 
agents such as hydrogen peroxide, potassium 
permanganate arid hypochlorites. Organic iodine 


compounds are actively virucidal. Chlorination of 
drinking water kills most viruses but its efficacy is 
greatly influenced by the presence of organic matter. 
Some viruses (such as hepatitis virus, polioviruses) 
arc relatively resistant to chlorination. 
Formaldehyde and beta propiolactonc are actively 
virucidal and are commonly employed for the 
preparation of killed viral vaccines. 

The action of lipid Solvents such as ether, 
chloroform and bile salts is selective, the enveloped 
viruses being sensitive and the naked viruses 
resistant, to them.The selective action Is useful in 
the Identification, and classification of viruses. 

Antibiotics active against bacteria, are completely 
ineffective against viruses. This property is made 
use of Ln eliminating bacteria from clinical 
specimens by antibiotic treatment before rims 
isolation. 

Viral He wAria urn .nation 

Viral hemagglutination was. originally observed 
with the influenza vims by Hirst {1941). A large 
dumber of viruses have since been shown to 
agglutinate erythrocytes from different species. 
Hemagglutination by the influenza virus is due to 
the presence of hemagglutinin spikes on the surface 
of the virus. The influenza virus also carries on its 
surface another peplomer, the enzyme 
neuraminidase which acts on the receptor and 
destroys; it Neuraminidase is, therefore, called the 
'receptor destroying enzyme’ (KDE). ROE is 
produced by many microbes including cholera 
vibrios, and is also present in many vertebrate cells. 
Destruction of the receptor leads to the reversal of 
hemagglutination and the release of the virus finotn 
the red cell surface. This ir, known as elution, 

Hemagglutination is as a convenient method of 
detection and assay of the influenza virus. When 
red cells are added to serial dilutions of a viral 
suspension, the highest dilution that produces 
hemagglutination provides the hemagglutination 
acre. The hemagglutination test can be carried out 
in test tubes or special plastic trays. Red cells which 
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FIb.JB., 3 Vlr&l hema^gluiinaiion. virus ccnlimjmg fluid is diluted In doubling diluiions end 0.5% suspension 
of chick red ceU? added. When virus 1$ present there Is diffuse widespread even paiier on the bottom of the 
walls In ihe plastic piste. Where no virus is present the cells settle down to a button like aggregate with 
sharp edges. 


merely of the viral nucleic acid and capsid protein 
but uhi> of enzymes necessary in the various stages 
of viral sytl thesis, assembly and release. In addition, 
certain 'regulator proteins' are also synthesised 
which serve to shut down the normal cellular 
metabolism and direct the sequential production 
of viral components. The site of viral synthesis 
depends on the type of virus. In general, must DN A 
viruses sunthesise their nucleic ,Lcid in the host Cell 
nucleus- The exceptions are the poxviruses, which 
synthesise all their components in the host cell 
cytoplasm. Most RNA vinjscs synthesise all their 
components in the cytoplasm. Exceptions arc 
orthomyxoviruses and some paramyxoviruses and 


retroviruses which arc synthesised partly in the 
nucleus. Viral protein is synthesised only in the 
cytoplasm, 

Eliosyiichesis consists essentially of die following 
steps,: 

1,Transcription, of messenger RNA (mRNA) from 
the viral nucleic acid, 

^Translation nf the mRNA mm early proteins’. 
These 'early or nonstruemral proteins’ are 
enzymes which initiate and maintain synthesis 
of virus components. They may also induce 
shutdown of host protein and nucleic acid 
synthesis, 

3-Replication of viral nuetde add- 


Table 46-2 Characteristics el hemajgiutlneUtti by viruses 
Viru* ErjtJiragift species and other condition* 


Influenza virus 
Parainfluenza, mumps, N1JV 

Measles 

Tugiviru*—several groups nf Arbovirus 
Ruhdli 

Enterovirus. some Ccmsackae and ECHO 

RkiixnuiH t some serotvpes 

Rabies 

Reovirus 


tuwf human, guinea pig, others Elution at 37 "C 
few I, human, guinea pig, others; Elution at 37 "C; 
llemuiysin present 
Monkey, 37 *C 

Goose, pigeon, one day old chick; pH and 

temperature critical 

Goose, pigeon, wteday old chick; 4*C 

I lunian; 4 "C and 37 "C 

sheep; 4 'G 

Goo re; 4 G^ pH £h .2 

I Iunun; 37 C 
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4. Synthesis of'late' or structural proteins, which 
are the components of daughter virion capsids. 
The critical step in viral biosynthesis is the 
transcription of mRNA from, the 'vi.ral nucleic acid. 
Once this is achieved, the host ceil resources can 
be utilised, for translating mRNA into viral 
components. Depending; on the structure of their 
genome, viruses use different strategies for the 
transcription of mRNA. Viruses have been 
categorised into six classes by Baltimore (1970) 
based on thier replication mechanisms. 

Class It In the case of fully double stranded 
DNA viruses {such as adeno-, herpes-* 
papovaviruses), the DNA enters the host cell 
nucleus and uses the host cell enzymes for 
transcription, The extracted DNA from these viruses 
is infectious. With hepajdiiaviruses which hai r e si 

partially double stranded DNA, the duplex is 
completed by a viral DNA polymerase, inside the 
host cytoplasm. The mature DNA then moves into 
the nucleus, to be transcribed by host transcriptases. 
Extracted hepadnavirus DNA is not infectious. 
Pbxviruses which replicate in the cytoplasm form 
mRNA using polymerases contained in the virion 
itself I\i,\virus DNA is not infectious. 

Class 2; With single stranded DNA id ruses (for 
example parvovirus), the DNA molecule moves info 
the host cell nucleus and is converted into the duplex 
form. Transcription is achieved by host enzymes. 
Class 3i In reoviruses, the double stranded RNA 
is transcribed to mRNA by viral polymerases. 
Class 4: Depending on the method of mRNA 
transcription, single stranded RNA viruses arc 
classified into two categories. In the positive strand 
{pius strand, prtsitive sense) RNA viruses, the viral 
RNA itself act an the mRNA. Y r irat RNA is 
infectious by itself and is translated directly into 
viral proteins in the host cell cytoplasm (for example 
picorna-, togaviruses). 

Class 5: The negative strand (minus sense) RNA 
viruses (for example rhabdo-, orrhomyxo-, 
paramyxoviridae) the RNA is Vntisense', with 
polarity opposite to mRNA They possess their own 


RNA polymerases for mRNA transcription. 
Extracted nudcic acids from these viruses arc not 
infectious. 

Class 6: Retnmridae exhibit a unique replicative 
strategy. Their single stranded RNA genome is 
converted into an RNA: DNA hybrid by the viral 
reverse transcriptase (RNA directed DNA 
polymerase) enzyme. Double stranded DNA is then 
synthesised from the RNAiDNA hybrid. The 
double stranded DNA form of the virus (provirus) 
is integrated into the host cell chromosome. This 
integration may lead to transformation of the cell 
and development of neoplasia. 

Maturation; Assembly of daughter virions 
follows the synthesis of viral nucleic acid and 
proteins. Virion assembly may rake place in the 
host Cell nucleus or cytoplasm. Herpes and 
adenoviruses arc assembled in the nucleus, while 
picoma and poxviruses are assembled in the 
cytoplasm. At this stage, the nonerwdoped viruses 
arc present intraccElularly as fully developed virions 
but in the ease of enveloped viruses, only the 
nucleocapsid is complete. Envelopes are derived 
from the host cell membrane during die process of 
budding. The host cell membrane which becomes 
the envelope is modified by incorporation of virus- 
specifk antigens, Ilcipes viruses assembled in the 
'nucleus acquire their envelope from the nuclear 
membrane as rilev are released into the cytoplasm 
enclosed in a vesicle, Myxoviruses bud from the 
cell surface and their envelope is formed by the 
modified cytoplasmic membrane of the host cell. 
The incorporation of viral antigen (hemagglutinin) 
on the cell membrane endows the cell with the 
property of hemadsorption. 

Release: In the case of bacterial viruses, the 
release of progeny virions takes place by the lysis 
of the infected bacterium. However, in the case of 
animal viruses, release usually occurs without cell 
lysis. Myxovi ruses are released by a process of 
budding from the cell meTnhrane over a period of 
time. The host cell is unaffected and may even 
divide, the daughter cells continuing to release 
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system generally consisting of tiicarbonate in 
equilibrium wifh atmosphere containing about 
5% carbon dioxide. This is Supplemented with 
up to 5% calf or fetal calf serum. Antibiotics are 
added to prevent bacterial contaminants and 
phenol ted as indicator. Such media will enable 
most cell types to multiply with a division time 
of 24-48 hours.The cell suspension is dispensed 
in bottles, tubes or Pfctri dishes. The cells adhere 
to the glass surface and on incubation, divide to 
form a confluent monolayer sheer of cells 
covering tile surface within about a week. 

Cell culture tubes may lie incubated in a sloped 
horizontal position, cither as ‘stationary culture' 
or may be rolled in special 'roller drums' to 
provide better aeration. Some fastidious viruses 
grow only in such roller cultures. 

Based on their origin, chromosomal characters 

and the nnmhcr of generations through which they 

can he maintained, cell cultures are classified into 

three types (Table 48,3); 

1. Primary cdl cuflunes; These are normal cells 
freshly taken from the body and cultured. They 
are capable of only limited growth in culture 
and cannot be maintained in serial culture. 
Common examples of primary cell cultures are 
monkey kidney, human embryonic kidney, 
human amnion and chick embryo cell cultures. 
Primary cell cultures arc useful for the isolation 
of viruses and their cultivation for vaccine 
production. 

2 Diploid cell Strains: These are cells of a single 
type that retain the original diploid chromosome 
number and karyotype during serial 
subcultivatiort for a limited number of times. 
After about fitly serial passages, they undergo 
'senescence'. Diploid strains developed from 
human fibroblasts are susceptible to a wide range 
of human viruses and are very useful tor the 
isolation of some fastidious pathogens. They are 
also employed for the production of viral 
vaccines. 

3. Cv/IQrlliuUj cell lines: These arc cells of a single 


type, usually derived from cancer cells, that are 
capable o! Continuous serial cultivation 
indefinitely. Standard cell lines derived from 
human cancers, such as HcLa, Hep-2 and KB 
cell lines have been used in laboratories 
throughout the world for many years. These cell 
lines may be maintained by serial suhculrivation 
or stored in the cold (“70 ^1 for use when 
necessary.. Some Cell lines are now permitted to 
he used for vaccine manufacture, for example 
Verocetl for rabies vaccine. 

Detection of virus growth in cell 

culture*; Virus growth in cell cultures can be 

detected by the following methods: 

1. Cytopathic effect: Many viruses cause 
morphological changes in cultured cels in 
which they grow. These changes can be readily 
observed by microscopic examination of the 
cultures. These changes are known as CVfopathlc 
effects' (CPE) and the viruses causing CPE are 
called ‘cytopathogenic viruses’. The CPE 
produced by different groups of viruses are 
characteristic and help in the presumptive 
identification of vims isolates. For example, 
enteroviruses produce rapid CPE with cremation 
of cells and degeneration of the entire cell sheet", 
measles virus produces syncytium formation; 
herpes virus causes discrete focal degeneration; 
adenovirus produces large granular clumps 
resembling bunches of grapes; and SV # . produces 
prominent cytoplasmic vacuolatiun. 

2. Mctiboilc inhibition : In normal cell cultures., 
the medium turns acid due to cellular 
metabolism. When viruses grow in cell cultures^ 
cell metabolism is inhibited and there is no acid 
production. ’This can be made out by the colour 
of the indicator (phenol red) incorporated in 
the medium. 

3. f/cmadsorption: When hcmagglutinating viruses 
(such as influenza and parainfluenza viruses) 
grow in cell Cultures, their presence can be 
indicated by the addition of guinea pig 
erythrocytes to the cultures. If the viruses are 
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multiplying in the culture* the erythrucytes will 
adsorb onto the surface of cells. This is Iknown 
as "hemadsorption'. 

■4, /nrerfarmr.The growth of a non-cytopatbogenk 
virus in cell culture can be tested by the 
subsequent challenge with a biawn 
cylopathogenic virus. The growth of the first 
will inhibit infection by the second vims by 
interference. 

5. Transformation: Tumour forming (oncogenic.) 
viruses induce cell "transformation' and loss of 
contact Inhibition, so that growth appears in a 
piled-up fashion producing ‘tmautumoun*. 

6. fm m U n o ri i JOr«av?C t: Ceils from virus infected 
cultures can be stained by fluorescent conjugated 
antiserum and examined under the IIV 
microscope for the presence of virus antigen. 
This gives positive results earlier than other 
methods and, therefore, finds wide application 
in diagnostic virology. 

Vi h a[. Assay 

The virus content of a specimen can be assayed in 
two wap: either with reference to the total vims 
particles or with reference to the infectious virions 
only. Two methods employed for total particle 


enumeration are electron microscopy and 
hemagglutination. Hy simple negative staining, the 
virus particles in a suspension can he counted directly 
under the electron microscopc.Thc virus suspension 
can he mixed with a known concentration of latex 
particles Tile ratio between the virus and latex 
particles under the electron microscope gives an 
indication of the virus count. With 
hernagglutinating viruses* a convenient method of 
quantitation is the determination of 
hemagglutination titres. Hemagglutination is not 
a very sensitive indicator of the presence of small 
amounts of virus particles. Thus* approximately 10 
influenza virions are required to produce 
macroscopic agglutination of a convenient quantity 
of chicken erythrocytes (0.5 ml of 0-5 per cent 
suspension). However, because of its simplicity, 
hemagglutination is a very convenient method of 
virus assay. 

Assay op Infbctivity 

fwo types of infertility assays car be carried out - 
quantitative and quantal assays. Quantitative assays 
measure the actual number of i nfcctious particles 
jjL the inoculum, while quanta! assays only indicate 
the presence or absence of infectious viruses. Using 


Table 46.3 Some cell cultures in common use 


a. Primary cell culture? 

1. Rhesus monkey kidney cell culture 

2. Human amnion cell culture 

3 . Chick cmbrvu libn.ibl.H 5 t cell culture 

b. Diploid cell strains 

1. WT3S 

2. HL-3 

c Conti miouscell lines 

1 . HeLa 

2. HEP-2 

3. KR 

4. McCoy 

5. Detroit-6 

6. Chang C/J/L/K 

7. Vein 


Human embryonic Lung cell strain 
RIkmjs embreo cell strain 

i 1 

Human carcinoma of cervix ^li line 
Human epithelioma of luynx ceU line 
Human carcinoma of nasopharynx cell Line 
Human synovial carcinoma cell line 
Sternal marrow cell line 
Human conjunctiva (C) 

Intestine (I) + Liver (L) and Kidney (K) cell lines 
Vervet monkev kidney cell line 
hamster kidney cell line 
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Fig. 48.4 Cross section ci a ten day old egg 


serial dilution . of virus suspensions and with the 
Aid of statist.)c*J methods, reasonably accurate 
estimates of infectivity on he obtained in quanta! 
assays. 

Quanta} ussayTi of inlectivity can uairied out 
in animals, eggs or tissue culture. Examples of 
endpoints used for infectivity titradon are the death 
of the animal, production of hemagglutinin in 
allantoic fluid or the appearance of CPE in cell 
cultures. The tnre is usually expressed as the ‘50 
per cent infectious dose' (ID ?|| ) per ml, which 
indicate* the highest dilution of the inoculum that 
™uld produce an effect in 50 per cent of animals, 
■ggs or Ceil cultures inoculated. ID^ is calculated 
oy the application of statistical methods, such as 
That of Reed and Mucnch. 

Tli l 1 cfuaatilativi: inicclivity assay of viruses is 
similar to the estimation of bacterial viable counts 
by colony counting. Two methods are available - 
plaque assay in monolayer cell culture and pock 
assay on chick embryo CAM. Plaque aswjry was 
introduced in animat virology by Dulbcoco (1952) 


as a modilicaliun of die bacteriophage plaque assay. 
A viral suspension is added to a monolayer of 
cultured cells in a bottle or Fcrri dish, and after 
allowing time for absorption, the medium is 
removed and replaced with a solid agar gel, to ensure 
that the sjwead of progeny virions is confined to 
the immediate vicinity of infected cells. In this 
system, each infectious viral particle gives rise to a 
localised focus of Infected cells that can be seen 
with the naked eye. Such foci are known as 
^plaques’ and each plaque indicates an infectious 
virus (Fig. 48.5). Some viruses which are 
transmitted directly from cell to cell (for example 
herpesvirus,) may form plaques even without an 
agar overlay. Oncogenic viruses produce cell 
transformation which can be seen as micro^ 
tumours, Hence they can be enumerated by the 
transformation assay. 

Viruses that form pocks on CAM (for example 
vaccinia) can be assayed by counting the number 
of pocks formed on CAM by appropriate inocula 
of virus. This is known at pock assay. 


Copyrighted material 














+ General Properties ol Viruses * 


443 


Viral Genetics 

Like nil other 'Using beings', viruses obey the laws, 
of genetics. Several properties of viruses, such as 
virulence and antigenicity, that are of great concern 
to human beings in the context of infections it the 
level of the cell, individual and community, are under 
genetic control. Genetic studies, therefore, have 
contributed to a better understanding of virus-host 
interactions and the development of better viral 
vaccines. Genetic mechanisms such as mutation and 
selection were utilised in the past without 
recognising the biological mechanisms Involved. 
The development of the 'fixed' rabies virus by 
Pasteur (1385) is a case in point. 

The two main mechanisms for genetic 
modification in viruses are mutation and 
recombination. In addition, viruses may exhihif 
many nonhcritable variations due to gene product 
interactions. 

Mutation: The frequency of mutation in viruses 
is about 10 M to 10 *, approximately the same as in 
bacteria. Mutations, therefore, occur during every 
viral infection. Most mutations arc lethal A mutant 
becomes evident only if the mutation confe rs some 
readily observable property or survival advantage. 
Mutation may occur spontaneously or may be 
Induced by mutagens, physical agents such as 
irradiation or chemical agents such as 5- 
fluorouradJ. 

The mutants may he of various types. Some 
mutations of clinical and laboratory interest are 
those affecting virulence, host range, antigenicity 
and pock or plaque morphology. A class of m urantS 
that are of great importance in laboratory studies Is 
the conditional lazhul mutant. These are mutants 
which arc able to grow under certain conditions 
(called permissive conditions), but are lethal, that 
is it cannot grow under certain other specified 
conditions (called non permissive or restrictive 
conditions). There arc different types of conditional 
lethal mutants but the types most widely employed 
in genetic studies are the 'temperature sensitive’ (ts) 


mutants. These can grow at a low (permissive) 
temperature (2B-31'C), but not at a higher 
(restrictive) temperature (37 D C). The advantage 
here is that by using a single selective test 
(temperature sensitivity), Large numbers of mutants 
with lesions in different genes may be obtained, 
The ts mutants have not only contributed largely 
to fundamental studies on viral genetics but also, 
because of their low virulence, offer prospects of 
better live viral vaccines. 

Recombination: Genetic recombination may 
occur when two different, but related, viruses Infect 
a cell simultaneously, The two viruses exchange 
segments of nucleic acid between them so that a 
hybrid results, possessing genes from both parents. 
Such recombinants breed true thereafter. 
Recombinants may occur between (1) two active 
(i nfcctious) viruses; (2) one active and one inactive 
virus; and (3) two inactive viruses. 

When twu different -Htrains of the same virus 
(such as vaccinia or influenza), possessing distinctive 
markers (such as pock morphology or antigenic 
properties) are grown together, recombinants may 
be derived that possess the distinctive properties of 
both parents.Thus, il a human and an avian strain 
of influenza virus (whose hemagglutinin and 
neuraminidase antigens are different and easily' 
identifiable) are grown together, a hybrid may be 
obtained with the hemagglutinin of one parent and 
the neuraminidase of the other This has been 
demonstrated experimentally in vitro and in vivo. 
This may be one of the ways by which the pandemic 
strains of the influenza virus originate in nature. 

When a cell is 'infected' with an active virus 
and a different but related inactivated virus, progeny 
pas h curing Orte Or more genetic traits of the 
inactivated virus may be produced. This 
phenomenon is called cross neaerjwifion or marker 
rescue. New antigenic variants of the influenza virus 
causing epidemics, often do not grow well in eggs 
as compared to established laboratory strains. 
When such an epidemic strain (for example strain 
AJ is grown in eggs- along with a standard strain 
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Till about 1950 Ej rtLe; was known ui the basic 
properties of viruses, They were named 
haphazardly, based on cite diseases they caused or 
on. the place of their isolation. TTvey were grouped 
according ro assumed "tmpi sms' or affinity to 
different systems or organs of the body. "Hius. human 
viruses were classified ns dcrmotrupic, that is those 
producing skin lesions (smallpox, chic ken pox, 
measles), neurutropic, that is those affecting the 
nervous system (polio myelitis, rabies), 
prieumotropk, that i> those affecting the respiratory 
tract (influenza, Com mob cold) and! vi-BCfcMtPOpie, 
that is those affecting visceral organs (yellow lever, 
hepatitis), FSawden (1941) made the pioneering 
suggestion that viral nomcnektuie and classification 
should be based on the properties of viruses and 
nor upon host responses. From the early I9!i0s, 



F'q 161 Plaque lormation in monkey kidney cells 
by polmvirue 


viruses began co be classified into groups based on 
their physicochemical and structural features. 
Nomenclature and classification axe now the official 
responsibility of the International Committee on 
Taxonomy of Viruses. 

Viruses arc classified into two main divisions 
dupe riding on the type of n ucleic acid they possess: 
Fiboviru&es are those containing RNA and 
deoxyriboviruses are those containing DNA, 
Furt her cl ansi fi cl ri on is based on other properties such 
as the strandedness of nucleic acid, symmetry of 
nmdtOCapdd, presence of envelope* size and shape of 
virion and number ot capsomers. Short descriptions 
of the major groups of viruses arc given below, 

ON A VThushs 

Vow indue iiimils: These arc large, brick 
shaped nr ovoid viruses (300 * 240 * 100 |j), with 
complex structure, having a lipid containing an 
outer coat, one or two lateral bodies and a core 
carrying i single linear molecule of double stranded 
UNA. Multiplication and maturation take place in 
the cytoplasm. The family is divided into several 
genera, 

Htrrpcsvinihic family: These are medium 
sized viruses containing linear double stranded 
UNA. The icosahcdral nuclcocapsid (100 nm) has 
162 capsomers and is surrounded by a lipid 
containing envelope. Multiplication takes place in 
the nucleus and maturation by budding through 
the nuclear membrane. Only one genus, 
Heipesrtmrs, has been characterised, hut several 
members of the family await classification. 

Aih-riiiviridnc family: These are medium 
sized (70-90 nm) nonenveloped,, icosahedral viruses 
with 252 capsomert. Members have been classified 
into two genera; Mastadcnovirus (mammalian 
adenoviruses) and Aviadcnovirus (adenoviruses of 
birds) 

Pnpm uviridof lamih i'hesc are small (40- 
55 nm) nonenvdoped, double stranded DNA 
viruses ivirh 72 capsome-rs. Two genera have been 
recognised. Papillomavirus and /h/fnmarmts. 
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Virus-host interactions may be considered at 
different levels - the celt, the individual arid the 
community, 

At the cellular level, vial infection may cause a 
broad spectrum of effects, ranging from no apparent 
cellular damage to rapid cell destruction. Some 
viruses, like poliovirus cause cell death (eytocidal 
effect) or even lysis (cytolysis). Others may cause 
cellular proliferation fas moLluscum eonragiosum) 
Of malignant transformation. (as oncogenic viruses). 
In some instances rhe virus and host cell enter into 
a peaceful coexistence* both replicating 
independent^ without any cellular injury, a 
condition known as steady state infection'. In tissue 
culture, viral infection may lead to readily observable 
cellular changes [cytopathic effects). These may not 
parallel the changes produced in the infected 
animal, as in rhe latter situation infection is 
influenced by the various defence mechanisms of 
the body. 

Cellular injury may be due to a number of causes. 
Early or nonstruccural viral proteins often cause a shut¬ 
down of host protein and DNA synthesis. Large 
amounts of viral macromokailcs that accumulate in 
the Lnlected cell may distort the cellular architecture 

and exert a toxic effect. The permeability of plasma 
membranes may be altered, releasing lysosomal 
enzymes and leading to autnlysis. 

Many viruses produce alterations in the 
cytoplasmic membrane of infected cells. Some (such 
as respiratory syncytial virus) cause fusion of 
adjacent cell membranes, leading to poEykatyocytosis 
or syncytium formation. Virus coded antigens may 
appear on the surface of infected cells. These 


antigens may confer new properties on the cells. 
For example, viral hemagglutinin appears on the 
surface of cells infected with Influenza virus and 
causes adsorption of erythrocytes Du the cell surface 
(hemadsorption). Virus coded antigens also appear 
on the surface of cells transformed by oncogenic 
viruses. 

Certain viruses such as measles, mumps, 
adenoviruses, cytomegalovirus and varicella virus 
cause damage to the chromosomes of host ceils. 
Chromatid gaps and breaks in chromosome 17 
occur frequently in cultured cells infected with 
adenovirus types 12 and 31. 

The most characteristic histological feature in 
virus infected cells is the appearance of inclusion 
bodies. Inclusion bodies arc structures with distinct 
size, shape, location and staining properties that 
can he demonstrated in virus infected cells under 
the light microscope, They may be situated in the 
cytoplasm (as with poxviruses), nucleus 
(herpesviruses) or borh (measles virus). They are 
generally acidophilic and can be seen as pink 
structures when staine d with Giemsa or cos in 
methylene blue stains. Some viruses (for example 
adenovirus) form basophilic inclusions. 
Demonstration of inclusion bodies helps in ihe 
diagnosis, of some viral infections. The presence of 
intracytoplasmic eosinophilic inclusions (Negri 
bodies) in the brain cells of animals justifies the 
presumptive diagnosis of rabies. Vaccinia infected 
cells show rather smaller multiple inclusions known 
as Guamicri bodies. Large inclusions {Bollinger 
bodies) arc seen in fnwlpox. Inclusion bodies in 
molluscum contagiosum (molluscum bodies) arc 
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vcrv large (2Q—30jJm) and tan lie readily seen under 
tilt- low power microscope, intranuclear inclusion 
bodies were- classified into two tvpeH by Cowdry 
(19.14). Cowdrv type A inclusions are of variable 
SIM and granular appcmncC (as with herpewims, 

yellow lever vims), while type 8 inclusions are more 
circumscribed and often multiple (as with 
adenovirus, poliovirus). Inclusion bodies may be 
crystalline aggregates of virions or made up of virus 
antigens present at die *ttc of vims synthesis. Some 
inclusions represent Llegenerative changes produced 
by viral infection which confer altered staining 
properties on (lie cell. 

Pat ik )u k N i■. s i s ' >f Viral I nf bc-t i on 
Depending on the clinical outcome, viral infections 
can be classified as iftapparent (subclirical) or 
apparent {clinical tsf overt) intentions. The latter 
may bc acute, subacute or chronic. Some virus 
infections are characterised by Latency. Latent 
infections are of different types. Recurrent herpes 
Simplex and herpes zoster are examples of latent 
infections in which clinical manifestations appear 
after prolonged periods of quiescence during 
which the viruses remain hidden in the nerve 
root ganglia. Another type of latent infection is 
persistent tolerant infection in which the virus is 
readily demonstrable in the tissues of the host but 
neither disease nut immune response develops. The 
host is i mm nolagica LLy tolerant to the virus as a 
result of congenital or neonatal infection- Disease 
set# ifi when the tolerance is interrupted. The 
cLiHsii'nl example of persistent tolerant infection is 
lymphocytic choriomeningitis of mice. Another 
type of latent infection is seen in neurological 
diseases such ns scrapie in sheep and kum in 
human beings. Thk is called slowly progressive or 
slow infection as the incubation period is unusually 
long. Vet another class of latent infection Is infection 
by oncogenic viruses. The human 
immunodeficiency virus Leads to a special type nf 
latency, with an mlnal asymptomatic period 
followed by progressive immune damage causing 


secondary' diseases, ending fatally after many 
years. 

Viruses enter the body through the respiratory 
and alimentary tracts, sfcin, conjunctiva and the 
genital tract. Many viruses are transmitted vertically 
from parent To progeny. 

The respiratory tract offers the most important 
portal of entry for viruses. A large nmnlier of viruses 
are able to infect the cells of this tract. Some of 
them multiply locally to initiate a silent local 
infect inn which is followed by lympIlltiC or 
hematogenous transport to other situations where 
mote Extensive nttlltipliCation takes place before 
systemic illness is manifested. Smallpox and 

chlckenpox arc examples of such systemic diseases 
in which the portal of entry is the respiratory tract. 
Other viruses such us influenza and (hinoviruses 
ire restricted tn the respiratory tract where they 
multiply and produce local disease. These are 
known as respiratory viruses. 

The alimentary tract is the next most important 
route of entry for viruses. However, Only some 
viruses are able to establish infection in the 
intestines. All enveloped viruses are destroyed by 
bile. Rhinoviruses are inactivated by gastric 
acidity. Oniv enteroviruses, adenoid ruses, reoviruscs, 
hepatitis viruses and the viruses causing 
gastroenteritis are able ro set up intestinal infection. 
Some of these such as rotavirus remain confined 
to the gist causing local disease. Others such is 
poliovirus) after initial muliipficarion locally, are 
transported to other sices for further multiplication 
and subsequent spread tn the target organs. 

Of the viruses that enter through the skm, 
only i few produce local lesions. Papilloma, 
vaccinia, cowpox, molluscum coot agio sum and 
nrf are viruses that produce dermal lesions at 
the site ol entry. Skin lesions of exanthematous 
viral diseases arc secondary ro systemic infection. 
Viruses enter the skin through abrasions 
(papillomavirus), insect bites (irbovilUKs), atlimil 
bites (rabies) or injections (type B hepatitis). 
Systemic spread occurs through lymphatics or 
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blood. Rabies virus travels along the nerves to the 
spinal cord or brain. 

The conjunctiva also may act as a portal of entry 
for viruses. This may lead to local disease 
(adenovirus) or to systemic spread (measles). Some 
viruses may enter through the genital tract or other 
sites of sexual contact (HIV). 

Congenital infection may occur at any stage 
from the development of the ovum up to birth. In 
acute systemic infections, congenital infection 
usually leads to fetal death and abortion. Rubella 
and cytomegalovirus produce maLdevelopmeut or 
severe neonatal disease. Vertical transmission is the 
natural mode of spread of many tumour viruses. 
The avian leukosis, virus is transmitted in 0V0 and 
murine mammary rumour virus through breast 
milk. 

Spread i3 f Virus in the Body 

The manner in which the infecting virus Spreads; 
from the point of entry, multiplies in sites of election 
and causes lesions in target tissues was first studied 
by Fenner (1948) using mousepox as the 
experimental model (Fig. 49.1). The mousepox 
vims enters the skin, where it multiplies initially 
and proceeds along the Lymphatics to the local 
nodes. After multiplication in the lymph nodes, the 
virus enters the bloodstream (primary viremia) and 
is transported to the spleen and liver which act as 
the 'central foci 1 for viral multiplication. After 
extensive multiplication in the central foci, there 
occurs a massive spillover of the virus into the 
bloodstream (secondary viremia). This heralds the 
Oliver of clinical symptoms (the prodromal phase 
in eruptive fevers). The virus reaches the target 
organ (skin in eruptive fevers) through the 
bloodstream. Multiplication in the target sites 
produces the distinctive lesions. With minor 
modifications, this model holds good for most 
systemic virus diseases. The reasons for the 
difference in the foci of multiplication and target 
organs in tbe case of different viruses are 
obscure. 


Significance of the Incubation 
Period 

The incubation period represents the rime taken 
for the vims to spread from the site of entry to the 
organs of viral multiplication and thence to the 
target organs for the production of lesions. Its 
duration is therefore influenced by the relation 
between the sites of entry, multiplication and lesion. 
Where the site of entry and site of lesion are the 
same, the incubation period is short—one to three 
days, as in respiratory viral infections and in 
gastroenteritis. In svslemic discares where the Virus 
enters through the respiratory or alimentary tract 
and produces lesions in remote target sites, the 
incuhation period is 1 onge-r— 10—20 days, as in 
ehickcnpox or poliomyelitis. There are, however, 
exceptions to this rule. In arbovirus diseases, as in 
yellow fever or dengue, the incuhation period may 
be shorter (5-6 days), probably because the virus 
in introduced directly into the bloodstream by the 
insect vectors. The incubation period in type R 
hepatitis may be 2-6 months and in slow' viral 
infections, many years. Papillomas and molluscum 
eoniagiosum have long incubation periods, probably 
because the viruses multiply slowly. 

Host Responses to Virus 
Infections 

The outcome of a virus infection is influenced by 
the virulence of the infecting strain and the 
resistance offered by die host. Mechanisms of host 
resistance may be immunological or nonspecific. 
The latter includes various genetic and 
physiological factors such as interferon production, 
body temperature, nutrition and hormones. 
Immunity in virus infections: Virions in 
general are good antigens and induce both humoral 
and cellular immune responses. The multiplication 
of a virv ■■ in the body during infection induces iot 
only a quantitatively greater inrun uoe response out 
also liberates and makes available to the immune 
system the whole range of vims antigens, including 
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Fig. 49.1 Palhogenesis of mousepox a mods! lor acute eKanthemale of hymens fader Fenner) 


surface and interna] anti pc ns as well as the 
nonstructural antigens such as early proteins. 

In mediating humoral antiviral immunity; the 
important classes of antibodies arc IgG, JgM and 
IgA. IgG and IgM play a major role in blood and 
tissue spaces, while IgA is more important on 
mucosal surfaces. Antibodies effect virus 
neutralisation by several mcdbaoisirtk. They may 


prevent adsorption of the virus to cel] receptors, 
cause enhanced virus degradation or prevent release 
of the progeny virus from infected cells. 
Complement aers in conjunction with antibodies 
in causing surface damage Co enveloped virions and 
in producing cyrolysis of virus infected cells. 

Nut all antibodies are able to neutralise viral 
infect!Vlty. Antibodies to internal antigens arc non- 
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neutralising. Antibodies to surface antigens vary in 
their neutralising ability. For instance, two types of 
surface antibodies appear following influenza 
infection—antihemagglutinin and anti neur¬ 
aminidase-'I'he former r.ir- neutralise inactivity hut 
the latrer cannot. Antincuramini d®.sc antibody can, 
however, inhibit the release of progenal virions from 
injected cells, Some antibodies can paradoxically 
enhance viral in festivity, Humoral antibodies may 
sometimes actually contribute to pathogenesis. 
Antibodies may cause complement dependent injury 
to cells or induce an immune complex type of tissue 
injury. The enhanced severity of respiratory syncytial 
viral infection in early infancy is believed to be due 
to the presence of passiveLy acquired maternal, 
antibodies. In older children who have no antibody, 
the virus causes a milder disease. The pathogenesis 
of some viral hemorrhagic fevers is immune 
thrombocytopenia. Most extrahepatic lesions in 
type H hepatitis are due to damage caused by 
immune complexes. 

Cell mediated immunity is of critical importance 
in viral infecrions-Thc earliest indication of cell 
mediated immunity in viral infections was the 
demonstration of delayed hypersensitivity following 
vaccination in immune individuals. Similar skin 
reactivity is also seen in mumps. The normal 
resistance to vims infections shown by 
agammaglobuf ncmics is ascribed to their cell 

mediated immunity, though if may also be due to 
interferon or Other non immune mechanisms. 
Individuals with deficient cellular immunity show 
a heightened susceptibility to infection by the 
herpes, pox and. measles viruses. The administration 
of antilymphocytc serum induces fatal infection in 
mice injected, with a sublechaldose oftheectromelii 
virus. Cell mediated immunity is considered to play 
a major role in recovery from viral infections in 
which vincmia is not important and in which 
infected cells have viral specific antigens on their 
surface. In some virus infections cell mediated 
immunity may contribute to tissue damage, as in 
lymphocytic choriomeningitis in mice. 


Some viral infections cause a suppression of the 
immune response. Measles infection induces a 
temporary depression of delayed hypersensitivity to 
tuberculin. Infection of adult mice with lymphocytic 
choriomeningitis or Leukemia viruses inhibits 
antibody response toother antigens. HIV strikes at 
the centre of the immune system by infecting the 
CD4+ helper T cell. 

In general, viral infections are followed by solid 
immunity to reinfection, which may often he 
lifelong. Apparent exceptions like the common cold 
and influenza are not due to lack of immunity but 
to reinfection being caused by antigenkally different 
viruses. Live virus vaccines also induce more durable 
protection than bacterial vaccines, 

NoninimunologieaI Responses 

1, Phugocytottr, Polymorphonuclear leucocytes do 

not play any significant role in the defence 
against viral infections, Tn feet, more viral 
diseases are characterised by a 
polymorphonuclear kucopenia. On the ocher 
hand, macrophages phagocytose viruses and are 
important in clearing viruses from the 
bloodstream. 

2. Bady r temperafurr Fever may act as a natural 
defence mechanism against viral infectiolIB as 
most viruses are inhibited by temperatures above 

39 C. An exception is herpes simplex which is 
usually reactivated by fever co produce ‘fewer 
blisters'. Herpes febtilia is a frequent 
accompaniment of fevers caused by pneumococci, 
streptococci, influenza virus arid malaria 
parasites, but for some unknown reason, is very 
rare in other fevers (typhoid, tuberculosis). 

.i. H ■ irmi;i.a e &i Cor ticostcroid administration 
enhances most viral infections. Coxsackic virus 
If 1 docs not nt inn .illy cause disease tsi adult mice 
but will induce a fatal infection in mice treated 
with cortisone. Normally mild Infections such 
as varicella and vaccinia may be lethal in 
patients ora cortisone. Injudicious use of steroid? 
in the treatment of herpetic keratoconjunctivitis 
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epithelial cells following stimulation by viruses or 

polynudcotidcs. It is a glvcDprotem. 

Gamma imcrh'jon (IFN- 7 ), formerly known as 
immune interferon, is produced byT lymphocytes, 
on stimulation by antigens or mitogens. It is a 
glycoprotein. It is more concerned with 
immunomodulatory and atitiproliferariw functions 
than with antiviral defence. It also differs from alpha 
a rad beta interferons in having a separate cell 
receptor. 

Interferon! are in activated by proteolytic 
enzymes but not by nucleases or lipases.They resist 
heating at 56-60 *C for 30-60 minutes and are 
stable over a wide range of pH (2-^30), except 
gamma IFN, which is labile at pH 2. They have a 
molecular weight of about 17,(KK>, are nondialysable 
and nnnsedimentable (iQOjOQO g)-They are ptiorlv 
antigenic, so no routine serological tests arc 
available for their detection and estimation. 
Interferon assay is based on its biological activity, 
such as the ability to inhibit plaque formation by a 
sensitive virus. The potency of IFN is expressed as 
International Units (1U) per ml. 

Many properties of interferon make it an ideal 
candidate for use in the prophylaxis and treatment 
of viral infections; it is nontoxic, noiumcigenic, 
diffuses freely in the body ami has a wide spectrum 
of antiviral activity. The major drawback initially 
was its species specificity - interferon produced by 
nonhLiman cells was not clinically useful. This was 
overcome ro some extent by producing interferon 
from bully coat leucocytes from blood banks, with 
NDV or Sendai virus as the inducer, Now, human 
interferon is available in unlimited quantities 
following its commercial production by cloning in 
bacteria and yeast. Even so, its initial promise as an 
antiviral agent has not been fulfilled, Local 
application of high doses has shown some benefit 
against upper respiratory infections, herpetic 
keratitis and genital warts. Limited success has also 
been reported against generalised herpes infection 
in immunocompromised hosts, and against hepatitis 
E and C infections. Some encouraging results have 


been reported in the use of interferon as an 
anticancer agent, particularly in lymphomas but 
there have been reports of toxic effects in cancer 
patients given high doses of interferon. 

Although interferon was first recognised as an 
antiviral agent; it is now known fobe a more general 
regulatory peptide belonging to the class of 
cymkintw. The main biological effects of interferons 
are die following: 

1.. Antiviral effects: Induction of resistance to 
infections. 

2. Antimicrobial effects: Resistance to intracellular 

infections, for example toxoplasma, chlamydia, 
malaria. 

3. Cellular effects: Inhibition of cell growth and 
proliferation:; and of DN A and protein synthesis; 
increased expression of MHC antigens on cell 
surfaces, 

4. Immunoregulatory effects: Enhanced cytotoxic 
activity of NK, K and T cells; activation of 
macrophage cytocidal activity; modulation of 
antibody formation; activation of suppressor T 
cells; suppression of DTH., 

Lakohatojo DiAt.Aosis of Viral 

DtiiiiAsHs 

Technical difficulties in virus isolation anti 
identification, the length of time required for these 
procedures and the lack of specific therapy for viral 
infections have contributed to the sparse use of 
diagnostic virology till recently. The situation has 
changed In recent years, With the development ot 
rapid techniques for the diagnosis of many vims 
infections and the availability of specific drugs 
against at kast -a few viruses, diagnostic virology is 
fast becoming a routine procedure. 

The demonstration of viral infection m selected 
groups of persons (screenfrig) is an important 
procedure in the prevention of some diseases (such 
as screeEiiin r; for HBV arid HIV in blood donors). 
Etiological diagnosis, of viral infections is useful in 
many ways. It is of vital important in some cases, as 
in rubella in pregnant women, Ir helps institution 
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□f early Specific tberajjy as in herpetic encephalitis 
and lesions of the eye. It serves fo define the etiology 
of vague syndromes such as upper respiratory 
infection Of aseptic meningitis. It is essential for 
the detection and prediction of epidemics and the 
identification of an tigenie variation in viruses. It is 
invaluable in the prompt control of outbreaks. If 
may lead to the discovery of new viral infections. 

Successful diagnosis of viral infections depend 
as much on the awareness of the physician as on 


the capability of the virus laboratory. The 
appropriate specimens should be collected from 
patients, preserved arid transported to the laboratory 
in the proper manner along with pertinent clinical 
and epidemiological information (Table 49.1). 

In the laboratory, the lolluwing methods are 
commonly employed; microscopic demonstration 
of the virus or its inclusion body, demonstration of 
the vims antigen, isolation and identification nf the 
virus, or detection of rhe specific antibody. 


Table 49.1 Types ol specimens to be senl lor virus diagnosis 


System 

Specimens required 1 



Fvt fioJin'uri 

For dfrecT exuninition' 

For aerology 

Respiratory system 
nasopharyngeal 

Throat swab, 

throat washings (EM) 

upiniKt 

Nasopharyngeal aspirare {IF) 

Paired sera 

Central nervous system 

Feces, blood 

llor arbovirus isolation) 

C5F (brain biopsy, 
throat swab, rectal swab) 

Bruin biopiy (IF -St EMh 

CSF (EM Si. IF) 

Paired sera 

Cardiovascular system 

Feces 

Nit 

Paired sera 

Skin 

Macular/papular scrapings, 
vesicular/pustular fluid, 
ulcer scrapings, crust. Feces, 
throat swab 

Vesicular/pustular fluid (EMfidD) Puirtd sera 

Ulcer scrapings (EM), 
awti, (FM fit ID) 

Eye 

Conjunctiva] scrapings 
or swabs 

Conjunctival scrapings, as smears 
on microscope dides (LM St IF) 1 

Paired sera 

Liver 

General; congenital 

Blood (for yellow fever) 
Throat swab 

Serum (feces) 

Scrum 

infections 

{products of conception) 

Nil 

Single sera 
(mother fit baby) 

General, PUG 

Hcparinised blood (atbovitUS Nil 
and arenavirus infections) 
throat swabs, 

feces {fresh urine) 

Paired sera 


■Specimens within brackets are not appropriate tor routine diagnosis bur may be indicated in particular 
circumstances 

2 IF = Immunofluorescence; CM M Electron Microscopy, ID ■ Immunodiffusion; LM = Light Microscopy 
Tor diagnosis of rabies only. 

{Adapted from W1IO} 
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Microscopy; The demonstration of virus 
elementary bodies by examination of stained smears 
i s now seldom employed, The detection of virus by 
electron microscopy is being used Increasingly In 
some diseases, it used to be the only diagnostic 
method (for example viral diarrhea). Demonstration 
of the inclusion body is a routine diagnostic method 
for rabies in dogs. The microscopic- diagnosis of 
rabies has been rendered very sensitive by 
fluorescent antibody techniques, The use of direct 
and indirect fluorescent antibody Techniques for the 
examination id material horn lesions, as well as for 
the early demonstration of viral antigen in tissue 
cultures inoculated with specimens, has enlarged 
the scope and greatly increased the speed of virus 
diagnosis. 

Demonstration of virus antigen: In cases 
where virus antigen is abundant in the lesions, its 
demonstration by serological methods such as 
precipitation in gel or iimmunofluorescence offer; 
a rapid method of diagnosis, Highly sensitive 
serological tests such as eounterimmuno- 
electrophoresis, radio!mntunoassav and enzvme 
linked immunosorbent assay have found wide 
application in diagnostic virology for the detection 
of viral antigens in clinical samples. Molecular 
methods such as probes and polymerase chair 
reaction provide rapid, sensitive and specific 
information about the presence of viruses in clinical 
samples.They arc fast becoming routine diagnostic 
methods in the affluent countries, but in the poor 
nations, their availability is limited, 

Isolation of virus: For virus isolation it is 
imperative that the specimen be collected properly 
and transported with least delay to the laboratory. 
As most viruses ate heat labile, refrigeration is 
essential during transport. The methods used for 
isolation depend on the virus sought. In general, 
they consist of inoculation into animals, eggs or 
tissue culture, after the specimen is processed to 
remove bacterial contaminants. The isolates are 
identified by neutralisation or other suitable 
serological procedures. It has to he emphasised that 


the mere recovery of a vims from a patient does 
not justify the assumption that it is the causative 
agent of the patients illness. Many viruses (For 
example adenoviruses, enteroviruses) are frequently 
found in normal individuals. The results of isolation 
should always be interpreted in the light of the 
clinical data. Demonstration of an immunological 
response to the virus iso-late in the patient during 
the course of the disease reinforces the significance 
of the isolation. 

Serological diagnosis: The demonstration of 
a rise in ritre of antibodies to a virus during the 
course of a disease is strong evidence that it is the 
etiological agent. For this, it is essential to examine 
paired sera, the "acute" simple collected early in 
the course of the disease and the 'convalescent' 
sample collected JO-14 days later, Examination of 
a single sample of serum for antibodies may not be 
meaningful except when IgM specific tests are 
done, The serological techniques employed would 
depend on the virus but those in general use are 
neutralisation, complement fixation, ELISA and 
hemagglutination inhibition tests. 

Molecular diagnosis: The availability of 
molecular methods, has transformed the diagnosis 
of viral diseases, enlarging the scope, sensitivity and 
specific! ty of such tests. 

Immunoprophylaxis op Viral 

Diseases 

Prolonged and effective immunity is a characteristic 
of most viral infections. Viral vaccines also confer 
solid protection and are, in general, more effective 
than bacterial vaccines. Viral vaccines may be live 
Of killed (Table 49.2), Live vaccines are more 
effective than killed vaccines. The smallpox vaccine 
has been used as the sole tool fur tbe global 
eradication of the disease. The early live vaccines 
were developed empirically from natural viruses (as 
Jennet's cowpox vaccine] or by attenuation by serial 
passage (as yellow fever vaccines). The basis of the 
latter technique was an unconscious selection of 
a virulent mutants, With the development of more 
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Table 49.2 Viral vaccines In common use 


Dime 

Type oftaedne 

Mode of preparation 

Poliomyelitis 

Live 

AvindeflT strains, grown in monkey Iddney cell culture 


Killed 

Virulent strains grown in monkey kidney cell culture, 
formalin-killed 

Rabies 

Killed (Semple type) 

Fixed, virus grown in sheep brain and inactivated by 
phenol or beta prOpiolactOrM 


Killed 

Vims grown in cell oultuft and inactivated with beta 
propioLactune 

Yellow fever 

Live f 17D) 

Attenuated virus grown in chick embryos and lyophilised 

Japanese 

encephalitis 

Killed 

Vims grown in mouse brain and inactivated by formalin 

Varicella 

Live 

Attenuated virus grown in chick embryo fibroblasreulture 

Mumps 

Live 

Attenuated virus grown in human diploid cell Culture 

Influents 

Killed (subunit) 

Virus disintegrated with sodium deoxycholate 


Live (attenuated) 

Vims attenuated by serial passage in eggs 


Live (mutant) 

ts mutants which are avitaknt 


Live (recombinant) 

Recombinants with surface antigens of new strains and 
growth characters of established strains 

Measles 

Live 

Attenuated vims grown in tissue culture 

Rubella 

Live 

Attenuated virus grown in tissue culture 

Hepatitis B 

Cloned subunit 

HBsAg cloned in yeast 


precise genetic techniques, live vaccines have been 
developed by plaque selection (Sabin vaccine for 
poliomyelitis) or from ts mutants, or by 
recombination (as in influenza). 

Killed vaccines have been prepared by 
inactivating viruses with heat, phenol, formalin or 
beta propiolactone, Ultraviolet irradiation is not 
satisfactory because of the risk, of multiplicity 
reactivation. The reactogenicity of killed vaccines 
has-been attempted tube reduced by the purification 
of the viruses. Adverse reactions may also be 
reduced by die use of 'subunit vaccines' in which 
the virus is split by detergents or other chemicals 
and only the relevant antigens incorporated in the 
vaccine. Vaccine production by cloning the desired 
antigen in bacteria or yeast is becoming increasingly 
common, as in hepatitis B. 

Live vaccines have the following advantages: A 
single dose is usually sufficient. They can be 
administered by the route of natural infection so 
that local icnmuriity is induced. They induce a wide 


spectrum of immunoglobulins, to the whole range 
of viral antigens. They also induce cell mediated 
immunity. They provide moie effective and more 
lasting immunity than killed vaccines. They 1 can* in 
general, be prepared more economically and 
administered more conveniently especially for mass 
Immunisation. Some of them can be given as 
combined vaccines {measks-mumps^rubella 
vaccine). 

They have the following disadvantages: There 
is a risk, however remote, of reversion to virulence. 
The vaccine may be contaminated with potentially 
dangerous viruses or other infectious agents. The 
virus may spread from the vaccines to contacts. 
While this is a serious danger in some situations, 
as when spread occurs to immunodeficient or other 
high risk contacts, in other cases, it may even be an 
advantage (as in poliomyelitis where the range ai 
vaccination is extended by the natural spread of the 
vaccine virus among children and adults). 
Interference by pre-existing viruses may sometimes 
prevent a good immune response following live 
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own thymidine kinase (IfSV, V-Z) are for more 
suscepti ble than those which do nor (CMV-EBV), 
The related drug Ganci^tnvir lr more active against 
CMV. 

The widely publicised drug Azidothymidinc 
(Zidovudine, AZT) used against ILIV infection is 
a thymidine analogue which blocks the synthesis 

of proviril DNA by inhibiting viral reverse 
transcriptase. AZT if Used widely in HTV infection f 
hut is toxic and costly. 

A series ot dideoxynucleoxides (Diifanoime, 
Zalciiabme, Stavudine, Lamivudine) have been 
synthesised and Sound In possess anti-HIV activity 
by blocking reverse transcriptase- The second group 
of drugs used in HIV infection is protease inhibitors 
(£jijtu r ji:tvn; Rj’rortdvin Indinavir)* 

Ribavirin (Vitazoie) is a synthetic nucleoside 
related to gunnusine. It shows activity against many 
DNA and RNA viriLses. Administered as an 
aerosol, it has been effective in the treatment of 
respiratory syncytial viral infection and also in 
influenza. Intravenous ribavirin has been reported to 
be effective against Lassa. fever and other hemorrhagic 
fcverc 

Other drUgm dmanradinc (Adsunan tanaminc 
hydrochloride, Symmetmi) blocks host cell 
penetration by influenza. A virus but not B nr C. A 
derivative rimantadine is less, toxic and equally 
effective. A second line of drugs against influenza 
employs neuraminidase inhibition, 

Enviroxinc and related chemicals have shown 
activity against rhino viruses. 


Fnscamet (Trisadium pho&phonofornmte) 
specifically inhibits DNA polymerase of the herpes 
simplex vims and has same effect against hepatitis 
B and HIV also. 

Sura/ruin developed as an anti parasitic drag in 
1916 was Found to inhibit reverse transcriptase 
activity ii.il.cl so was one of the first drags used against 
AIDS- Because of toxicity and inadequate efficacy 
its use was discontinued. 

Inicrlenonst The discovery of interferons, with 
activity against a wide range of viruses raised hopes 
of their application as antiviral drags. However, 
most trials have been unsuccessful. Beneficial effect 
has been obtained in persistent infections such ;lh 
hepatitis B and C, laryngeal papilloma and against 
CMV infections in transplant recipients. High doses 
of interferon lead to toxic effects. 

In spite of intensive efforts, progress in the field 
of antiviral chemotherapy has not been satisfactory. 
Various factors contribute to this, Many compounds 
show antiviral activity in tissue Culture but most of 
them prove to be ineffective or nude in animal test*. 
The available drags have a narrow range of activity, 
They are seldom able to eradicate the vims from 
the host so recurrence if common. Viruses develop 
resistance to the drugs and break through infection 
takes place even during treatment. The AIDS 
pandemic has been a catalyst In development of 
antiretroviral drugs. It is hoped that better 
understanding of the molecular and cellular biology 
of viruses and of virus-host interactions may lead 
to the development of more effective antiviral agent*. 
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Bacteriophages 



Bacteriophages (commonly abbreviated as phages) are 
viruses that infect bacteria. Twort (19 IS) described a 
degenerative change in staphylococcal colonics 
isolated from calf lymph, which could be transmitted 
serially bv application of culture filtrates from the 
original growth. d’Herelie (1917) observed that 
filtrates of feces cultures from dysentery patients 
induced trans-missibLe lysis oi 1 broth culture of a 
dysentery bacillus. He suggested that the lytic agent 
was a virus and gave it the name bacteriophage. 


Phages occur widely in nature in close 
association with bacteria. They can be readily 
isolated from feces, sewage and other natural sources 
of mixed bacterial growth. Early hopes that phages 
could be used in the treatment of bacterial infections 
have not been fulfilled but these viruses have 
Contributed much to micrtibiolngy. As phages could 
be grown easily on bacterial cultures, they provided 
the only convenient model for the study of virus- 
bust interactions at the cellular and molecular levels 


PHAGES 



Flg.SQ.I Morphology ol bacteriophage. A. hexagonal head, B, DMA core, C, demarcation between head and tail, 
0. tail, E. base plate, f. tail fibres, G- prongs; Right, process of injection el phage DNA inlo host cell 
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before the development of cell culture techniques 
made similar studies with animal viruses possible. 
Phages play an important role in the transmission 
of genetic information between bacteria by the 
process cjf transduction. The presence of phage 
genome integrated with bacterial chromosomes 
confers on bacteria certain properties by a process 
known as phage connentrori- l 3 h ages have been used 
as cloning vectors in genetic manipulations., I'he 
presence of high concentrations ol phage particles, 
uptu per ml in some natural waters suggests 
that they may have a role in the control of bacterial 
population* in such environments. The specificity 
of the host range oh phages is the basis of phage 
typing methods, by which hacteria can be identified 
and typed. 

Morphology: Certain bacteriophages that infect 
E. c oh, called the T even phages (T2, T4, Tfi), 
have been studied in great detail and iraditionallv 
serve as the prototypes in descriding the properties 
ot bacteriophages. 

T even phages have a complex and characteristic 
morphology. They are tadpole shaped, With a 
hexagonal head and a cylindrical tail. The head 
consists of a rightly packed core of nucleic acid 
(double stranded DNA) surrounded hy a protein 
coat or capsid. The siae of the head varies in 
different phages from 2H nm to HH3 nm. The tail is 
composed of a hollow core, a contractile sheath 
surrounding the core and a terminal base plate 
which has attached to it prongs, tail fibres or both 
(Fig. 50.1). 

Though most bacteriophages have the 
morphology and structure described above,, ] 
that are spherical or filamentous and possess 
single stranded DNA or RNA have also been 
identified. 

Life cycle: Phages exhibit two different types 
of lifecycle. In [he virulent or lyric cycle, 
in tracdhilar multi plication of the phage culm i nates 
in the lysis of the host bacterium and the release of 
progeny virions. In the tempera re or (vsogtnjc eyc/c 
the phage DNA becomes integrated with the 


bacterial genome, replicating synchronously with 
it, causing no harm to the host cell (Fig. 50.3). 

! lie . vk-: Replication of a virulent phage can 
be considered in the following stages adsorption, 
penetration, synthesis of phage components, 
assembly, maturation and release of progeny phage 
particles. 

Phage particles come into contact with bacterial 
cells by random collision. A phage attaches to the 
surface of a susceptible bacterium by its tail. 
Adsorption is a specific process and depends on 
the presence of complementary chemical groups 
on the receptor sites of the havtcrial surface and on 
the terminal base plate of the phage. Linder optimal 
conditions, adsorption is a very rapid process, being 
complete within minutes. Certain cofkclnm, such 
as cations, are necessary for adsorption. The 



Fig. 50 L? Bacteriophages (x SftG.QtfA). Multiple inteclmn 
ol a badenai coll (lysis hem with cud (Source: 
NICED) 
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Fig. 50.3 Lytic and lysogenic life of bacteriophage. A. adsorption, I. Injection of phage DNA. C. clrcularl&atlon ol 
phage DNA, D, replication ol phage DNA, E. production of phage components. F. assenbly of phage, 
G. release of progeny phage, H. integration of phage DNA with host chromosome, I, binary fission of lysogenic 
bacterium, J. daughter bacteria carrying prophage, K. excision ol prophage, L. same stage as C. (A lo C 
injection; D lo G lytic; H to J lysogenic cycle; K 10 L induction.) 
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bacterial receptor dees may be situated in different 
layers of the cell wall or on surface structures (such 
as the Vi antigen of the typhoid bacillus) or 
appendages (such as flagella or sex pili). Bacterial 
protoplasts, which are devoid of cell wall 
components, cannot adsorb phages and therefore 
will not be infected. Host specificity of phages is 
determined at the level of adsorption. Experimental 
infection by direct injection of phage DMA cart be 
achieved even in bacterial strains that arc 
insusceptible to infection by the whole phage. The 
infection of a bacterium by the naked phage nucleic 
acid is known as transfection. 

Adsorption is followed by the penetration of the 
phage nucleic add into the bacterial cell. The 
process cri penetration resembles injection through 
a syringe. The base plate and tail fibres arc held 
firmly against the cell causing the hollow core to 
pierce through the cell wall. The contractile tail 
sheath acts like a muscle and derives its energy 
from A small amount of adenosine triphosphate 
present on the tail of the phage. The phage DNA 
is injected into the bacterial body through the 
hollow core. Penetration may be facilitated by the 
presence or the phage tail of lysozyme which 


produces a hole on the bacterial '.vail for the entry 
of the phage core. The complex structure of the 
phage particle is required only for the injection of 
the nucleic acid into the host cell. The phage DNA 
alone is necessary for the initiation of the synthesis 
of daughter phages. After penetration, the empty 
head and tail of the phage remain outside the 
bacterium as the shell or 'ghost'. 

When bacteria arc mixed with phage panicles 
a| high multiplicity (that is very large number of 
phages per bacterial cdl), multiple holes are 
produced, on the cell with the consequent leakage 
of cell contents, Bacterial lysis occurs without viral 
multiplication. This is known as 'Lysis from without' 
(Fig- 50.2). 

Immediately after penetration of the phage 
nucleic acid, the synthesis of the phage components 
is initiated. The first products to be synthesised 
(called early proteins} are the enzymes necessary 
for the budding of the complex molecules peculiar 
to the phage. Subsequently la tv protein* appear, 
which Include the protein subunits of the phage 
head and tail. During this period, the synthesis of 
bacterial protein., DNA and ENA ceases. 

Phage DNA, head protein and tail protein are 
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synthesise d separately' in the bacterial cell, The 
UNA is condensed into a compact polyhedron and 
'pactaged' into the head and, finally, the tail 
structures arc added- This assembly of the phage 
components into the mature infective phage particle 
is known as maturation. 

Release of the mature progeny phages typically 
occurs by lysis of the bacterial cell. During the 
replication of the phage, the bacterial ceD wall is 
weakened and it assumes a spherical shape. Phage 
entymes act on the weakened tell wall causing it 
to burst or lyse resulting in the release of mature 
daughter phages. 

The interval between the entry of the phage 
nucleic acid into the bacterial cell and the 
appearance of the first infectious intracellular phage 
particle is known as the ecirpse pha.se. It represents 
the rime required for the synthesis of the phage 
components arid their assembly into mature phage 
particles. The interval between the infection of a 
bacterial cell and the first release of infectious phage 
particles is known as the latent period. Immediately 
following the latent period., the number of phage 
particles released increases for a tew minutes till 
the maximum number of daughter phages is 
attained. This period, during which the number of 
infectious phages released rises, is known as the 
rise period, The average yield of progeny phages 
per infected bacterial cell is known as the burst 
size- This is estimated by experiments in which 
infection is established with one phage per 
bacterium and the release of infected phage particles 
i-s estimated serially over a period ol time. The 
results of such an experiment plnrred on a graph is 
known as the one-step growth curve (Fig, 50.4]. 
Lysogenic cvulc; Unlike virulent phages which 
produce lysis of the host cell, temperate phages 
enter into a symbiotic relationship with their host 
cells without destroying them, Following entry into 
the host cell, the temperate phage nucleic acid 
becomes integrated with die bacterial chromosome. 
The integrated phage nucleic acid is known as the 
prophage. The prophage behaves like a segment of 


the host chromosome and replicates synchronously 
with i t. This phenomenon is called fywogeny and a 
bacterium that carries a prophage within its genome 
is called a lysogenic bacterium, Lysogtnisation does 
not upset the bacterial metabolism. 

Tlte prophage confers certain new properties 
on the lysogenic bacterium. This is known as 
lysogenic oortverritM or phage conversion. This is 
due to the synthesis of new proteins that are coded 
for by the prophage DNA. An example is toxin 
production by the diphtheria bacillus, which is 
determined by the presence in it of the prophage 
beta. The elimination of the prophage abolishes 
the toxigenicity of the bacillus. 

During the multiplication of lysogenic bacteria,, 
the prophage may become 'excised’ from occasional 
cells. The excised prophage initiates lytic replication 
and the daughter phage particles arc released, 
which infect other bacterial cells and render them 
lysogenic. This is known as spontaneous induction 
of prophage. While this is a rare event, all lysogenic 
bacteria in a population can he induced to shift ro 
the lytic cycle by exposure to certain physical and 
chemical agents. Such inducing agents include UV 
rays, hydrogen peroxide and nitrogen mustard. 

A lysogenic bacterium is resistant to reinfection 
by rhe same or related phages. This is known as 
scjpemjfetTj'ojt immunity. 

Bacteriophages may act as carriers of genes from 
one bacterium to another. This is known as 
transduef/on, Two types of transduction are 
recognised. In restricted transduction, only bacterial 
genes contiguous to the prophage are transmitted. 
For example, transduction by the prophage iambtht 
in E. cori K12 transfers only the gal J gene 
{determining fermentation of galactose], which is 
[he bacterial gene contiguous to the prophage. On 
the other hand, any bacterial gene maybe transferred 
in general used transduction. Transduction has been 
demonstrated in many genera of bacteria and 
constitutes one of the most important mechanisms 
of genetic exchange among bacteria in nature. 
Plasmid mediated drug resistance in staphylococci 
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in an example of a medically important property 
that is. transmitted by transduction. 

Phage particles exhibit general stability of type 
and a low rate of heritable variation. 

If a bacterium simultaneously adsorb* two 
related but slightly different DNA phage panicles, 
both car infect and reproduce- On lysis, both types 
are released. When tins, occurs many of the progeny 
are observed to be recombinants. 

Phagm Assay 

When a phage is applied on the lawn culture of a 
susceptible bacterium, areas of dealing occur after 
incubation. These zones. D fly sis are called pJatfues. 
"The size, shape and nature of plagues are 
characteristic for different phages, Since under 
optimum conditions a single phage particle is 
capable al produuirtg - me plague* platpiL assay cart 
be employed for titrating the number of viable 
phages m a preparation. As plaques are analogous 
to bacterial colonies, planning is also useful for the 
purification of phages. 

PtlAUH TYHJMti 

Tile specificity of phage-bacterium interaction is 
made use of in the identification and typing of 
bacteria. Phages exhibit different degrees of host 
specificity. Some phages possess wide host ranges, 
covering many bacterial genera, while others have 
a narrow range limited to certain strains of bacteria 
only. With some phages serial passage in a strain 
of bacterium makes them specific for that strain 
and related strains (adaptation of host range). 

Phages are available that lyse all members of a 
bacterial genus (for example genus-specific 
bacteriophage for Salmonella), all members of a 
species (for example specific bacteriophage for ft 
anfhracjV), and all members of a bio type or 
subspecies (for example Mukerjee's phage IV which 
lr >u- all strains of classical V. chafe rue but not V 
chainrzc biotype El Tor). The most important 
application of phage typing is for intraspecks typing 
of bacteria, as in the phage typing of S. typhi and 


staphylococci. Adapted phages, active only against 
fresh isolates possessing the Vi antigen, are used 
For phage typing of typhoid bacilli. Staphylococcal 
phage typing is a pattern method, using a set of 
standard phages. A strain of Staphylococcus may 
be lysed by a number of phages and the phage type 
of a strain is designated by the numbers of the 
different phages that lyse it. 

As lysis is influenced by the dose of infection, 
phage preparations used for typing should be 
standardised by titration. Titration is carried out by 

applying serial dilutions of the phage preparation 
on a lawn culture of a susceptible strain and 
observing the lysis after incubation. The highest 
dilution of the phage preparation that just produces 
confluent lysis is known as the routine test dose 
(RTD). 

Bahtyriocins 

Gratia (1925) observed the production of a. highly 
specific antibiotic substance by one strain off. cols 
which was active against another strain of the same 
species. The name colicin was given to such 
substances produced by E- mli and other members 
of the family Entcrobactericcac. With the 
recognition that colicin-like substances are 
produced by several other bacteria also, the generic 
name fuifmodji was proposed for the group of 
liighly specific antibiotic-like substances produced 

by certain strains of bacteria which are active against 
other strains of the same or different species. 
Bacteriocins are given specific names based on the 
bacterial species of origin, for example colic ins front 
E .call,, proems from Ps. pyncyst nea faensginos&h 
mcgacins from ft, megstenum and diphthcricms 
from C. diphrheme* 

Bactrriocins are proteins but some may have 
associated lipopolysacehatrides derived from the cell 
w al ls ttf bacteria producing them. Bacteriocins and 
phages resemble each other in a number of respects. 
Both adsorb on the surface of susceptible bacterial 
cells on specific receptor sites some of which may 
be the same for phages and bacteriocins, Under 
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Fig, i-p.5 Bact-erlccin typing. Baclerlocin produced by 
the producer strain has inhibited lhe growlli oi test 
strains In line centre. 

rhc electron microscope* some bactcrincins, 
especial!v proems, appear like the tail structures of 
phases. T hcv may be eomuttered products of 
defective phage genomes, able to code only lor parts 
of phage panicles. 

T3ir synthesis of bacteriocin s is determined, by 
rhe presence in bacteria of colicinogenic factors 


[Col factors}. Col factors arc cpi semes and can be 
transmitted from cell to cell by conjugation or 
transduction. Certain physical and chemical agents 
(IJV rays, nitrogen mustard) induce cnlictn 
production by the cells harbouring Col factors. 

A cell producing a bucteriocin is immune to it 
but may be sensitive to other bactcrioeins. 
Bactcriocins have a very specific activity on bacteria, 
being capable of killing some b»T not all strains of 
a species, Tile Specificity is made use of in typing 
certain species such as. Sh. sonner, Prvitun ip.. Pa. 
aerttgino.sa. Harteriocins kill susceptible cells 
without lysing them. 

While phage typing schemes are generally bas^d 
on the sensitivity of the test strains to the lytic action 
of phages, bacterioein typing schemes depend on 
the ability of bjutcriocins produced by the test strain 
to kill standard indicator strains of bacteria. The 
usual method of bacteriociii typing employs the 
plate diffusion technique. The test bacterium is 
inoculated as a broad streak on the centre of a 
culture medium, the bacterial growth is scraped 
off and the remaining cells killed by exposure to 
chloroform vapour. Stmdard indicator strains. of 
bacteria are then streaked at right angles to the 
original inoculum. .After incubation, the pattern of 
inhibition of the indicator strains, represents the 
bacteriocin type of the test bacterium (Fig. 50.5),. 
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unique in that it is an 'artificial vims' ami docs not 
occur in nature as such. 1 e has been studied in greater 
detail than variola, as it is safer to work with. 
Vaccinia virus is being employed as a vector for 
rhe development of reconi bin ant vaccines. The 
vaccinia genome can accommodate about 25>000 
foreign base pairs sufficient for introducing several 
genes. Many genes have been inserted, including 
chose coding for the antigens of hepatitis B virus, 
HIV, rabies, ami lor pharmacologically important 
products such as neuropeptides. However the 
vaccinia vims is not suitable as a vector for human 
use due to its pathogenic effects. 

Vaccinia and variola viruses are so similar in 
their properties that they can be considered together. 
Morphology: The virion is brick shaped. In 
vertical section it consists of a double layered 
membrane which surrounds a biconcave 'nucleoid' 
containing the DNA core. On either side of the 
nucleo id is a lens shaped structure called the lateral 
body (Fig, 51,1). The virion measures about 300 * 
200 * 100 nm and so can be seen under the light 
microscope. Variola virus was first demonstrated 
microscopically hv Buist in 1SS7. Pasehen in lSIOfi 
developed a staining technique for the virus particles 
and demonstrated rhe elementary bodies (Pasehen 
bodies) in smears from smallpox lesions. 
Physical and chemical properties: 
Poxviruses are stable and if protected from sunlight 
may remain viable tor months at room temperature. 
In the cold or when freeze dried, they survive for 
years. They arc susceptible to ultraviolet light and 
other irradiations. They are resistant To 50% glycerol 
and 1% phenol but are readily inactivated by 
formalin and oxidising disinfectants. The virion 
consists essentially of DNA,, protein and lipid. 
Though enveloped, the virus is not inactivated by 
ether. The virion contains a multiplicity of enzymes. 
The entire multiplication of the virus takes place 
in the cytoplasm of the infected cell. 

Antigenic structure: All poxviruses share a 
common nuclcoprotein (NP) antigen, By 
immunodiffusion some twenty different antigens 



Fig.51,1 Structure of vaccinia virus. The nucleic acid is 
contained within a dumb-beit shaped core (C). 
Fliiing Into the concavities oi the care ate two lateral 
bodies (LB). The virion is enclosed within a protein 
shell which has an irregular surface. 

have been identified. These include the LS antigen 
(a complex of two antigens, rhe heat labile L and 
the hear stable S antigens), agglutinogen, and 
hemagglutinin, which is responsible for the 
agglutination of erythrocytes of those fowls which 
are also agglutinated nunspecifically by tissue lipids. 
Cultivation and host range: The variola 

and vaccinia viruses can he differentiated hv their 

# 

growth characteristics and host range. 

Chick embryo: Both viruses grow on the 
CAM of 11—13 day old chick embryo producing 
pocks in 48-72 hours, Variola pocks arc small, shiny, 
white, convex, non-necrotic, nun-hemorrhagic 
lesions. Vaccinia pocks arc larger, irregular. Hat, 
greyish, necrotic lesions, some of which arc 
hemorrhagic (Fig. 51.2). The viruses may also be 
differentiated by their 'ceiling temperatures'., the 
highest temperature above which pocks are nut 
produced,The ceiling temperatures are 41.0 “C for 
vaccinia, 38 U C for variola majior and 37.5 for 

variola minor. 

Tissue aifeurr; Variola and vaccinia viruses can be 
grown in tissue cultures of monkey kidney, HcLa 
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Fig. Si.i Variola and vaccinia pocks on CAM. LeH - variola showing small, uniform pocks; right - vaccinia, 
showing large, irregular pocks 


and chick embryo cells. Cytopathic effects arc 
produced by vaccinia in 24-48 hours and. more 
slowly by variola. Eosinophilic inclusion bodies - 
Guarnieri bodies - can be demonstrated in stained 
preparations- The inclusion bodies consist of 
a^gnegarions of virus particles in a matrix. Vaccinia 
but not variola virus produces plaques in chick 
embryo tissue cultures. 

Animals: The vaccinia virus can infect a wide range 
of animals experimentally. Monkeys, calves, sheep 
and rabbits can be infected by scarification leading 
to vesicular les ions. The variola virus produces 
similar lesions only in monkeys. Scarification of 
rabbit cornea with variola virus leads to keratitis 
and sections of the corne-a will show typical 
Guarnitri hodics. Infrnnasal instillation of the 
variola virus in the monkey produces a self-limited 
attack of smallpox with generalised skin lesions. 

Smallpox 

Smallpox has been eradicated.The last natural ease 
of variola major defected was Saiban Bibl, a 
Bangladeshi woman found with smallpox on the 
Karimganj railway platform jo Assam on 24 May, 
1975. The last case of variola minor occurred in 
Me re a, Somalia, in October 1977. The coming 


generations axe unlikely to witness the disease but 
its disappearance has been too recent for it to be 
ignored altogether, A brief account of smallpox is 
therefore being presented. (For more details about 
smallpox, the T edition of this textbook may he 
consulted.) 

Smallpox was an exclusively human infection, 
with no animal reservoir. There were no carriers 
as, the virus was eliminated completely from the 
patient on recovery. The source of infection was a 
patient in the early phase of the disease, though 
infeciivity extended from the appearance of buccal 
mucosal lesions (en anthems) In the disappearance 
of all the skin lesion (exanthema). infection usually 
occurred only in close contacts. Virus entered the 
body by inhalation. After initial multiplication in 
the local lymphoid tissues, the virus reached the 
reticuloendothelial cells, where further 
multiplication cook place, leading to a severe 
Virginia with seeding of the mucosa and skin 
heralding the clinical disease. The incubation period 
was around 1 2 days. 

The single crop of centrifugal exanthema passed 
through macular, papular, vesicular and pustular 
stages, before scabbing and healing by scar 
formation in 2™A weeks. The exanthems varied in 
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The herpesvirus family contains over 2 hundred 
species of enveloped DNA viruses that affect 
humans and animals. They are characterised by 
their ability to establish Latent infections,, enabling 
the virus to persist indefinitely within infected hosts 
and to undergo periodic reactivation. 

The herpesvirus capsid is ieosnihcdral, composed 
of 162 capsomers, and enclosing the core containing 
the linear double stranded DNA genome. The 
nuckoeapsid is surrounded by the lipid envelope 
derived from the modified host cell nuclear 
membrane through which the naked virions bud 
during replication. The envelope carries surface 
spikes, about S tim long. .Between the envelope and 
the capsid is an amorphous structure called the 
tegument, containing several proteins. The 
enveloped virion measures about 200 nm and the 
naked virion about 100 uni in diameter. 

Herpesviruses replicate in the host cell nucleus. 
They form Cowdiy type A intranuclear (Lipschutz) 
inclusion bodies. Like other enveloped viruses, 
herpesviruses are susceptible to fat solvents like 
alcohol, ether, chloroform and bile salts. They arc 
heat labile and have ro be stored at -70 

The family Herpesviridae is divided into three 
subfamilies based on biological, physical and 
genetic properties: 

Alpha herpes viruses, with a relatively short 
replicative cycle [I2-1S hours), a variable host 
range and a tendency to cause Latent infection in 
sensory ganglia. In culture they are rapidly 
cytopathic and infectious viruses may be released 
from cells, for example herpes simpler virus, 
varicella-zoster virus. 


Betah<&pa rap se s, which replicate slowly (more 
than 24 hours), have a narrow hoar range, grow 
best in fibroblasts with a tendency tn produce 
enlargement of infected cells (cyromegaly) and cause 
Latent infection of salivary gland and other organs. 
In culture, the cytopathic effect is slow and the 
virus remains ccLl associated, for example 
cytomegalovirus. 

Gammahctpcsviruscs^ which have a narrow' 
host range, replicate in lymphoblastoid cells, are 
specific for either B or T lymphocytes and frequently 
cause latent infection in lymphoid tissue, for 
example Epste in-Barr virus. 

tight different types of herpesviruses arc known 
whose primary hoses are humas. They have been 
officially designated ‘Human herpesvirus types 1- 
8 but their common names continue to be in 
general use, except for types 6,7 and 8 (Table 52-1), 

The herpesvirus family has no common group 
antigen and the different herpesvirus species do not 
show any significant antigenic cross reaction, except 
between Herpes simplex types 1 and 2. 

HERPES SIMPLEX 

The herpes simplex vims (HSV) occurs, naturally 
only in hum as, but it can produce experimental 
infection in many laboratory animals,There are two 
rypes of the herpes simplex virus. HSV type 1 
(Human herpes virus type 1 or HHV type 1) is 
usually isolated from lesions in and around the 
mouth and is transmitted by direct contact or 
droplet spread from cases or carriers. HSV type 2 
(HHV type 2) Is responsible for the majority of 
genital herpes infections and is commonly 
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Table 52,1 Classification of human herpesviruses 


Species 

5ufr/dtnjj[y 

Cytopxthofogy 

Site of latent 
infection 

Official name 

Common name 

Human herpesvirus type 1 

Herpes simplex virus rvpe 1 

alpha 

cytolytic 

neurons 

Human herpesvirus type 2 

Herpes simplex virus rype 2 

alpha 

cytolytic 

neurons 

Human herpesvirus type 3 

Varicella rosier rims 

alpha 

cyio lytic 

neurons 

Human herpesvirus type 1 

Epstein-Ban - virus 

gamma 

(ymphoproliferative 

lymphoid tissues 

Human herpesvirus type 5 

Cytomegalovirus 

beta 

cytomegalic 

secretory 

glands 

Kidneys, other 
organs and 
tissues 

Human herpesvirus type 6 

I luman B cell iymphomopre 
virus.* 

ber* 

lyinphoproliferatiwc 

lymphoid tissues 

Human herpesvirus type 7 

Human herpesvirus type H 

R K virus* 

beta 

gamma 

lymphoproliferative 

Jvmphoid tissues 

_ 


* These names ire no IcMigci in use 

transmitted venereatlv. IrttracerebraJ inoculation in 
rabbits and mice leads to encephalitis* and comeal 
scarification produces keraiiXotijUitelmcis in rabbits. 
The virus grows in a variety of pri maty and 
continuous cell cultures (monkey or rabbit kidney, 
human amnion, He La) producing cyfopathic 
changes, well defined foci with heaped up cells 
and syncytial or giant cell formation, On chick 
emlbryu CAM, small {diameter less, than 0.5 mm) 
white shiny non-neurutie pocks are produced (Fig. 
52.2). The two types of the vims cross react 
serologically. They can be differentiated by the 
following features: 

1) Antigenic differences can be made out using type 

specific monoclonal antibodies. 

2) On chick embryo CAM type 2 strains form 
Larger pocks resembling variola. 

3) Types 2 strains replicate well in chick embryo 

fibroblast cells, while type 1 strains, do so poorly, 

4) The infectivity of type 2 is more temperature 
sensitive than that of type 1, 


5) Type 2 strains are more neurovirulent in 
laboratory animals than type 1. 

6) Type 2 strains are more resistant to antiviral 
agents like 1UDR and cytarabinc in culture. 

7) Restriction endonuclease analysis of viral DNA 
enables differentiation between the two types 
as well as between strains within the same type, 

Pathogenesis! Herpes simplex is one of the 
most common viral infections in humans, about 60- 
90 per cent of adults showing detectable antibody, 
Primary' infection is usually acquired in early 
child hood* between two and five years of age, 
Humans are the only natural hosts and the sources 
of infection are saliva, skin lesions or respiratory 
secretions. Asymptomatic carriers form the more 
important source of infection* especially in genital 
infection with type 2 strains. Transmission occurs 
by close contact and may be venereal in genital 
herpes. The virus enters through defects in the skin 
□r mucous membranes and multiplies locally* with 
cdl'tmdl spread. The virus enters cutaneous nerve 
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area with widespread ulceration. A clinically 
indistinguishable picture is also produced by 
vaccinia virus infection, both derignateJ Kaposi s 
YaricclU/brm eruption, 

Mutxisak The buccal mucosa is the site most 
commonly affected. Gingivostomatitis and 
pharyngitis are rhe most frequent conditions in 
primary infection and recurrent herpes labialis in 
recurrent infection. The vesicles may ulcerate and 
become secondarily infected. 

Cyphrhnlfnic: HSV infection is the most common 
cause of corneal blindness in some developed 
countries- Acute keratoconjunctivitis may occu r by 
itself or by extension from Facial herpes, follicular 
conjunctivitis with vesicle formation on the lids is 
another manifestation,The cornea maybe involved, 
with typical branching dendritic ulcers. 
Debridement, topical antiviral drugs and interferon 
help in healing. Steroids arc contraindicated as they 
lead to deep stromal involvement and healing may 
be delayed, with scarring and corneal blindness. 
Chorioretinitis and acute necrotising retinitis are 
uncommon but serious manifestations- 
Afcrvous system: HSV encephalitis though rare, is 
the most common sporadic acute viral encephalitis 
in most parts of the world. HSV encephalitis has 
an acute onset, with fever and focal neurological 
symptoms. Brain biopsy was employed in diagnosis 
for instituting early specific therapy. This is now 
replaced hy demonstration of HSV ON A in CSF 
by PCR, which is a very sensitive test in the acute 
stage. HSV meningitis is a self-limiting disease, 
usually resolving in about a week, without sequelae. 
The CSF shows lymphocytic pleocytosis and may 
yield the virus in culture. 

HSV can cause sacral autonomic dysfunction 
and also rarely transverse myelitis or the GniHkn- 
liarre syndrome, HSV has been implicated in the 
etiology of Bell's palsy. 

Vincent!: HSV esophagitis may cause dysphagia, 
substernal pain and weight loss. It may involve the 
respiratory tract causing tracheobronchitis and 
pneumonitis, HSV i-s an uncommon cause of 


hepatitis. Rrvthema multi forme may be seen in 
association with HSV infection, Disseminated HSV 
injection may occur in patients with 
immunodeficiency, malnutrition or bums. 

Genital: Jn the 1970s genital herpes became the 
most rapidlv increasing venereal disease, particularly 
in the USA. In men. the lesions occur mainly on 
the penis, or in the urethra causing urethritis. In 
women, the cervix, vagina, vulva and perineum are 
affected. When only the cervix is involved, the 
infection may be asymptomatic. The primary 
infection is usually more serious, accompanied by 
systemic features like fever and malaise. It is 
followed by several recurrent episodes whieh are 
milder. The vesiculo-ulcerative lesions may be very 
painful. Rectal and perineal lesions occur in 
homosexuals. Both types of HSV may cause genital 
lesions, though HSV 2 is responsible more 
frequently and causes many more recurrences. 

There have been several reports of an association 
between HSV 2 and carcinoma of the cervix uteri 
but a causal relationship has not been established. 
Congenital; Transplacental infection with HSV 1 
or 2 can lead to congenital malformations, but this 
is rare. Infection may occur during birth, particularly 
if the mother has genital lesions due to HSV 2. In 
such cases, cesarian section may prevent infection. 
Postnatal infection is more commonly due to 
HSV i. Neonatal herpes may be confined to the 
eyes, mouth or skin, but is more commonly a 
disseminated disease having multi^organ 
involvement, with or without encephalitis. The 
mortality rate is very high and survivors may have 
neurological impairment. 

Laboratory diagnosis: The diagnosis of herpes virus 
infection may be made by microscopy, antigen or 
DNA detection, virus isolation or serology. 
MicwKopy: The Tzanck smear is a rapid, fairly 
sensitive and inexpensive diagnostic method. Smears 
are prepared from the lesions,, preferably from the 
base of vesicles and Stained with 1% aqueous 
solution of toluidine blue ‘0’ for IS seconds, 
Muldnueleated giant cells with faceted nuclei and 
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homogeneously stained, ‘ground glass' chromatin 
{Tzanck cells) constitute a positive 5me?r, 
Intranuclear type A inclusion bodies may be seen 
in Giemsa stained smears. The virus particle may 
also be demonstrated under the electron 
microscope. It is not possible to differentiate 
between herpes simples and varicella zoster by 
microscopy. The herpesvirus antigen may be 
demonstrated in smears or sections from lesions by 
the fluorescent antibody technique. The fluorescent 
antibody test on brain biopsy specimens provides 
reliable and speedy diagnosis in encephalitis. PCR 
based DMA detection has replaced brain biopsy. 
hVrux j'.sidatj'on; Inoculation in mice and on chick 
embryo CAM ts insensitive and has been replaced 
by tissue culture for vims isolation, Pri miry human 
embryonic kidney, human amnion and many ocher 
celis arc susceptible, hut human diploid fibroblasts 
are preferred. Vesicle fluid, spinal fluid, saliva and 
swabs may he used. Typical cvtopathic changes may 
appear as early as in 24-48 hours but cultures should 
be observed for two weeks before being declared 
negative. Drug susceptibility too can be rested in 
cell cultures. 

Differentiation between HSV types 1 and 2 may¬ 
be made by a variety of serological techniques, by 
nucleic acid hybridisation or by restriction 
endonuclease cleavage and electrophoretic analysis 
of viral DMA or viral pnotiens. 

Serahgy: Serological methods are useful in the 
diagnosis of primary infections. Antibodies develop 
within a few days of infection and rise in title of 
antibodies may be demonstrated by ELISA, 
neutralisation or complement fixation tests. In 
recurrent or reinfection herpes, there may he little 
change in the antibody litre, 

Chemotherapy: Idoxyuridine used topically in 
eye and skin infections was one of the first clinically 
successful antiviral agents. The introduction of 
acyclovir and vidarabine enabled the effective 
management of deep add systemic infections. Early 
treatment with intravenous acyclovir lias unproved 
the outcome of encephal itis, Oral and topical use 


may help in less serious conditions, Valacldovir 
and famciclovir are more effective ofal agents. 
When resistance to these drugs develop, drugs like 
foscamct which are indepemlent of viral thymidine 
kinase action, may be useful, 

HERPESVIRUS SIMIAE: B VIRUS 

This virus was isolated by Sabin and Wright (19.14) 
from the brain of a laboratory worker who 
developed fatal ascending myelitis after being bitten 
by an apparently healthy monkey. It Came to be 
known as the 'R' virus from the initials of this 
patient. Many similar cases have been reported since 
then. Herpesvirus simiae infects old world monkeys 
in the same manner that herpes simpler infects 
humans, the infection usually being asymptomatic, 
The typical lesions produced are vesicles on the 
buccal mucosa which ulcerate shedding the virus 
and infecting contacts. Though most human cases 
have followed monkey bites, the infection in some 
was acquired through the handling of monkey 
tissues. 

Herpesvirus simiae is similar to herpes simplex 
virus in its properties. The two are antigenically 
related but the herpes simplex virus antibody does 
not protect against herpesvirus simiae infection. A 
formolised vaccine has been tried experimentally 
i n laboratory' workers at risk. 

The disease in humans is usually fatal. The rare 
patients who survive have serious neurological 
sequelae. The official name for B vini$ is 
Cepcopithedne herpesvirus 1, 

VARICELLA ZOSTER 

As early as 1889, Von Bokay had suggested that 
varicella (chicken pox) and herpes poster arc 
different manifestations of the same virus infection, 
Virotogical and epidemiological observations have 
proved this concept. The virus is therefore called 
varicella zoster vims (VZV). Chicken pox follows 
primary' infection in a nonimmime individual, while 
hcTpcs zoster is a reactivation of the latent virus 
when the immunirv has fallen to ineffective levels. 


Copyrighted material 


4 Herpesviruses t 


479 


Thus,chickcrtpnx is 'caught' bui nut luster.Contact 
with either *o«cr or chitkenpox may lead only to 
chtckenpox but not zoster. 

VZV is similar to the herpes simplex virus in 
its morphology. It does not grow in experimental 
animals or chick embryos. The virus was first 
isolated by Weller in human embryonic tissue 
culture. It can he grown in cultures of human 
fibroblasts, human amnion or HcLa cells. The 
cyiopaihk effects are similar ten but less marked 
than those produced by the herpes simplex virus. 
In cultures the virus remains CtU associated and 
does not appear free in the medium. By using highly 
specific antisera, it is possible to distinguish between 
herpes virus types 1, 2 and varicella zoster viruses. 
Only one antigenic type of VZV is known. 

Yu rice l Ui (Chickoripnx): ChickenpOX is one 
of the mildest and most common of childhood 
infections. The disease may, however, occur at any 
age. Adult chickenpox, which is more serious, is 
rather common in some tropical areas. 

The source of infection is achickeupovor herpes 
raster patient. Infcctivitv is maximum during the 
ini rial stages of the disease when the virus is present 
abundantly in the upper respiratory tract. The buccal 
lesi ons which appear in the early stage of the disease 
and the vesicular fluid are rich in vims content. 
Infectivi ty wanes as the disease progresses and the 
scabs are virtually noninfectious- There are ro 
animal reservoirs of varicella. 

The portal of entry of the virus is the respiratory 
tract or conjunctiva. After an incubation period of 
about two weeks (7—23 days) the lesions begin to 
appear. The patient is considered to be infectious 
during the two day-- before and five days after the 
onset of the lesions, Id children, there is little 
prodromal illness and tire disease is first noticed 
when skin lesions appear. Buccal lesions may not 
be noticed. The rash appears usually on the trunk. 
The evolution of the rash is so rapid that the various 
stages - macule, papule, vesicle, pustule and scab - 
cannot be readily followed in individual lesions. 
The rash is centripetal in distribution, affecting 


mainly the trunk and sparing the distal parts of the 
limbs, and is very superficial without involving the 
deeper layers oi the skin, resembling a dew drop 
lying on the skin. The rash appears in crops during 
the first three or four days of the disease, so that 
lesions of varying age can be noticed or the same 
patient. It matures very quickly, beginning h> crust 
within 4S hours. 

When varicella occurs in the adult, systemic 
symptoms may be severe, the rash veiy profuse and 
the entire disease much more intense than in 
children- The rash may become hemorrhagic and 
occasionally bullous lesions appear. Pitted scars on 
the skin may remain alter recovery. Varicella 
pneumonia is more common in adults,, and often 
fatal in. the elderly. Other complications like 
myocarditis, nephritis, acute cerebellar ataxia, 
meningitis and encephalitis may ensue. Secondary 
bacterial infections, usually due to staphylococci 
or streptococci, may occur. Key syndrome may 
follow varicella in some cases with a history of 
administration of salicylates. But in most cases, 
chickenpox la an uneventful disease anal recovery is 
the rule. One attack confers lasting immunity. 

Chickenpox in pregnancy can be dangerous for 

both mother and baby.The disease te nds to he mure 
severe in pregnant women, with enhanced risk of 
complications like pneumonia. The baby may 
develop two types of complications, depending on 
the period of gestation when the woman develop* 
chicken pew. If maternal varicella occurs during 
the first half of pregnancy, the fetal infection may 
usually be asymptomatic. Some infants may develop 
the fetal varicella syndrome, manifesting as 
cicatrising skin lesions, hypoplasia of limbs, 
chorioretinitis, and CNS defects. Same babies may 
not exhibit any defects, but may carry latent VZV' 
infection. When maternal varicella occurs near 
delivery, babies may develop congenital (neonatal.] 
varicella, within two weeks of birth. If the mother's 
rash began a week or more before delivery, she 
would have developed antihtjdies which would have 
been passed, along with the virus, to the fetus 



460 


4 Textbook o( Microbiology 


transplacenrally, Such a baby, though infected, 
usually escapes clinical disease. If the mother 
develops chicken pox less the a week for within 2 
days) of delivery, the baby would have received 
from th-C mother only the vims and not the antibody, 
so that it develops neonatal varicella, This is usually 
a serious disseminated disease, with high risk of 
pneumonia and encephalitis. A* etc at merit tor such 
conditions will have to he started early to he of any 
use, the babies arc to be given VZV antiserum and 
chemotherapy' immediately after birth. 
Laboratory diagnosis: Diagnosis is usually 
clinical. Mulunucleated giant cells and type A 
intranuclear inclusion bodies may be seen in smears 
prepared by scraping the base of the early vesicles 
iTzanck smears) and stained with tduidinc blue, 
Gicnrtsa or Papanicolou stain. Electron microscopy 
of the vesicle fluid may demonstrate the virus with 
typical herpes morphology. Virus isolation can be 
attempted from the buccal or cutaneous lesions in 
the early stages by inoculating human amnion, 
human fibroblast, HeLa or Veto cells. The varus 
antigen can be detected in scrapings from skin 
lesions by immunofluorescence, and in vesicle fluid 
by countcrimmunoelcctrophoresis with zoster 
immune serum. ELISA and PGR techniques are 
also in use. 

Prophylaxis and treatment: A live varicella 
vaccine was developed bv Takahashi in Japan in 
1974 hv attenuating a strain of varicella vims (Oka 
strain, so named after the patient) by serial passage 
in tissue culture. Given subcutaneously, it induced 
good antibody response, hut it was very labile and 
had to be stored frozen, A modified lyophilised 
form of the vaccine is now available, winch can be 
stored between 2 “C and S J C It is recommended 
for children 1—12 tears old as a single subcutaneous 
dose, and for those older as 2 doses 6—10 weeks 
apart. It is safe and effective. Occasionally children 
may develop a few vesicles which resolve quickly. 
It is not considered safe in pregnancy. Varicella 
zoster immunoglobulin (VZIG) prepared from 

patients convalescing from herpes 7_oster provides 


passivc protection in immunocompromised children 
exposed to bitter ion, but its availability is limited. 
It is nor useful in treatment, 

Specific treatment is indicated mainly in 
immunodefieient and elderly subjects and those 
with complications such as varicella pneumonia, 
encephalitis and disseminated zoster. Acyclovir and 
famciclovir are effective. Gorticosteroids are 
contra] ndicated in varicella as they enhance the risk 
of pneumonia and disseminated disease. 

Hkri'Bs Zojm-R (Shtncles, Zona) 

The name is derived from Hevpnf], meaning to 
creep; zoster, meaning girdle. 

While varicella is typically a disease of 
childhood, herpes zoster is one of old age, being 
common after the age of fifty years. The disease 
may, however, occur at any age and zoster has been 
reported very rarely even in the newborn. 

Herpes zoster usually occurs in persons who 
had chicken pox several years earlier. The virus 
remaining latent in the sensory ganglia, may leak 
out at times but is usually held in check by the 
residual immunity Years after (he initial infection, 
when the immunity has waned, the virus may be 
reactivated, and triggered by some precipitating 
stimulus, travel along the sensory nerve to produce 
zoster lesions on the area of the skin or mucosa 
supplied by it. This reactivation is associated with 
inflammation of the nerve, which accounts for the 
ncuritic pain that often precedes the skin, lesions. 
The rash is typically unilateral and confined to the 
area supplied by a single sensory ganglion.The most 
common sites are the areas innervated by spinal 
Cord segments D3 to L2 and the trigeminal nerve, 
particularly, its ophthalmic branch. The lesions are 
identical in nature to varicella lesions, except for 
their limited distribution. The rash heals in about 
two weeks. Pain and paresthesia at the affected area 
may persist for weeks or months. Other 
complications are lower motor neuron paralysis 
which sometimes ensues, meningoencephalitis and 
generalised zoster where the lesions are scattered 
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Primary infections in older children and adults 
an: usually asymptomatic. However, a heterophile, 
antibody negative, infectious mononucleosis may 
be seen,This is more common following transfusion 
of CMV infected blood (post-transfusion 
mononucleosis), 

In the immunocompromised host, CMV can 
cause severe and even fatal, infections. This occurs 
tn transplant recipients, career patients on 
chemotherapy, and mote particularly In the E [IV 
infected, CMV is an important pathogen in AIDS- 
la AIDS patients, the already weakened immune 
response is further damaged by the nonspecific 
CM 1-inhibiting effect of CMV. One of the 
glycoproteins on the surface of CMV acts as a 
receptor for the Fc portion of immunoglobulin 
molecules. This leads to masking of the virus by 
attachment of inctawtt immunoglobulin molecules, 
preventing access to specific anti-CMV antibody. 
L:■ ht>f":ifory dinjj.iinsis; Dtagnosis may he 
established by recovery of the virus from the urine, 
saliva or other body fluids by inoculating human 
fibroblast cultures. A simpler but less reliable 
technique fr the demonstration of cytomegalic cells 
in the centrifuged deposits from urine or saliva. 

Demonstration of antibody is useful in the 
diagnosis of primary infection but not in 
reactivation. Serological techniques in use include 
CE, I HA, IF and ELISA. Antibody detection may 
be necessary for screening blood or organ donors. 
E-pidcnimlog>: CMV spreads slowly and 
probably requires close contact lor transmission. It 
may spread through salivary or other secretions or 
by sexual contact. A special method of transmission 
is by blood transfusion or organ transplants. The 
virus has been detected in saliva, urine, cervical 
secretions, semen, blood and milk, Congenitally 
i nfectcd infants have viruria for upto 4-5 years. They 

are highly infectious in early infancy. About one 
per cent of neonates in the USA are infected with 
CMV. In the developing countries, the rate may be 
much higher Opto 80 per cent of adults show 
CMV antibodies. Indicating the high prevalence 


of infection. Once infected, the person carries the 
virus for life. 

Prevent imi ond trcutmeni: Prevention is 

indicated only in high risk cases such as organ 
transplants, immunodcficieot persons and in 
premature infants. Screening of blood and organ 
donors and administration of CMV 
immunoglobulins have been employed in 
prevention. Acyclovir is useful in prophylaxis hut 
not in treatment. Ganciclovir and foscarnec have 
been found effective and arc used lor tire treatment 
of CMV disease in AIDS patients.. 

No vaccine is available, Experimentally, live 
attenuated vaccines (Towne 125 and AD 169 

strains) and! a purified CMV polypeptide vaccine 
have been found to be immunogenic but not 
effective in protecting immunodefirienf subjects 
from CMV infection, 

EPSTEIN BARR VIRUS 

In 1958, Burkin described an unusual lymphoma 
among children in certain parts of Africa and 
suggested on epidemiological grounds that the 
rumour may be caused by a mosquito borne vims. 
Thislwl t» several attempts at isolating viruses from 
such tumours. A number of different viruses,, 
apparently "passenger viruses", went isolated from 
cultured lymphoma cells., One virus observed in 
the cultured lymphoma cells by Epstein, Bair and 
Achijrtg in 1964 was a new type of herpesvirus, 
named the EB virus, specifically affecting cells of 
the B lymphocyte lineage. Only human and some 
subhuman primate B cells have receptors [CD 21. 
molecules) for the virus, EBV infected B cells are 
transformed so that they become capable of 
continuous growth in vitro. 

Eptdttniinlngy: The Epstein-Barr (EB) virus 
is ubiquitous in all human populations. As with 
other ticiptfoniKS, infection with the EB virus 
leads to latency, periodic reactivation and lifelong 
persistence. The EB vims antibodies are present in 
about 95 per cent of adults. In the overcrowded 
developing world, the EB virus infection occurs in 
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infancy and childhood, when it is usually 
asymptomatic. In the affluent countries, primary 
infection is often delayed till adolescence and early 
adulthood, when it may lead to infectious 
mononucleosis. 

The source- of infection is usually the saliva of 
infected persons who shed the virus in 
oropharyngeal secretions for months following 
primary infection and intermittently thereafter. 
The lf.fi virus is not highly contagious and 
droplets and aerosols are not efficient in 
transmitting infection. Intimate oral contact, as in 
kissing, appears to be the predominant mode of 
transmission. This accounts for infectious 
mononucleosis being called the 'kissing disease’. 
Infection may also follow blood or marrow 
transfusion but these are rare everts. 

b'R virus infection may lead to the following 
clinical conditions: 

1. Infectious mononucleosis. 

2 . EBV associated malignancies: 

a. Burkin's lymphoma. 

h. Lymphomas in i mmunodefLciert persons such 
as AIDS patients and transplant recipients. 

c. Nasopharyngeal carcinoma in persons of 
Chinese origin. 

I’nthogcnusis: The virus enters the pharyngeal 
epithelial ocUs through CR2 (or CD 21} receptors, 
which are the same as for the C3d component of 
complement. It multiplies locally, invades the 
bloodstream and infects B lymphocytes in which 
two types of changes arc produced. In most cases, 
the virus becomes late nr inside the lymphocytes, 
which become transformed or 'inimortaJisesi' so that 
they become capable of indefinite growth in vitro. 
They are polyclcmally activated to produce many 
kinds of immunoglobulins. The heterophile sheep 
erythrocyte agglutinin seen characteristically in 
infectious mononucleosis is an example of such 
polyclonal activation. A second type of effect, shown 
by a few infected E Cells is lytic infection, with Cell 
death and release of mature progeney virions. 

The mononucleosis represents a polyclonal 


transformation of infected B lymphocytes. EB 
vims antigens arc expressed on the surface of 
infected B cells. The atypical lymphocytes seen 
in blood smears in infectious mononucleosis 
are T lymphocytes undergoing blast 
transformation In response to such neoantigens. 

Intermittent reactivation of the latent EB virus 
leads to clonal proliferation of infected B cells. In 
immunocompetent subjects, this is kept in check 
by activated T cells. In the immunodcficicnt, B cell 
clones may replicate unchecked, resulting in 
lymphomas. Hypercndemie malaria prevalent in 
Africa is believed to be responsible lor the immune 
impairment in children with Burkin's Lymphoma. 
The frequency of lymphomas seen in many types 
of immunodeficiencies, most typically in AIDS, 
may have ,1 similar pathogenesis. Nearly half the 
lymphomas seen in immunodcficicnt subjects 
contain EB virus DNA sequences. 

Genetic and environmental factors ate said to 
bo important in the nasopharyngeal carcinoma scon 
in men oi Chinese origin. EB virus DNA is 
regularly found in the tumour cells.These patients 
have high levels of EB virus antibodies. Genetic 
influence is best illustrated in the XTinked 
lymphoproliferative (XLP or Duncan) syndrome 
associated with extreme susceptibility to EB virus 
infection. 

iNFBCTimJS MONoNUCttoaiN 

(Glandular Fkvkr) 

This it an acute self-limited illness usually seen in 
non immune young adults following primary 
infection with the EB virus. Tire incubation period 
is 4-3 weeks. The disease is characterised by fever, 
sore throat, lymphadenopathy and the presence of 
abnormal lymphocytes in peripheral blood smears. 
A mild transient rash may he present. Some patients 
treated with ampicillin may develop a 
maeukipapular rash due to immune complex 
reaction to the drug. Titere is often associated 
hepatitis which is usually subclinical and 
demonstrable only hy Liver function tests. A number 
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A herpesvirus, first insulated in 19ft6 from the 
peripheral blood of patients with lympho- 
proliterative disease, was called the human B- 
lympbotropk vims. It has been renamed llilV-6, 
This isubiquitos and spreads apparently through saliva 
in early infancy. Two variants recognised, A and B, 
Variant B is the cause of mild, but: common childhood 
illness' rxaitthem subitum’ (roseola infantum or 'sixth 
disease*). In older age groups,, it has teen issooa.tr d 
with infectious mononucleosis syndrome, focal 
encephalitis and, its the immunodefleient, with 
pneumonia and disseminated disease. 

HHV 7 was isolated in 199() from peripheral 
CD4 cells of a healthy person- Like HHV 6, 


HHV 7 also appears to be widely distributed and 
transmitted through saliva- Jr shares with HIV the 
same CD4 receptor on T cells and could therefore 
contribute to a further depletion of CD4 '] cells in 
HIV infected persons, it has been said to cause 
some cases of exanthem subitum. 

In 1994, DN A sequences presumed to represent 
a new herpesvirus were identified from tissues of 
Kaposi's sarcoma from AIDS patients. This has 
been named HHV 8. This has subsequently been 
identified also in Kaposi's sarcoma in persons not 
infected with HIV. It has been therefore referred 
to sometimes #$ Kaposi's s arcoma-associated 
herpesvirus (KSHV), but an etiological 
relationship is yet to be proved. 
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Adenoviruses 


Adenoviruses are a group of medium sized, 
nonenveloped, double stranded DNA viruses that 
share a common complement fixing antigen. They 
infect humans, animals and birds, showing strict 
host specificity. 

In 1951, Rowe and associates grew surgically 
removed human adenoid tissue in plasma clot 
cultures and noticed that the epithelial outgrowths 
underwent spontaneous degeneration resembling 
viral cytopathic change. This was neutralised by 
human sera- A viral agent was shown to he 
responsible for this degeneration. This was the 
prototype of the group of viruses subsequently 
designated adenoviruses because they were 
originally isolated from the adenoids. Milkman in 
1954 isolated a related virus from the throat 
washings of military recruits with acute respiratory 
illness. 

Over 50 serotypes of adenoviruses have been 
isolated from human sources. Most of the recenr 
serotypes were recovered from AIDS patients. 
Adenovirus infections are common worldwide 
mostly in children. Many infections are 
asymptomatic. The virus may persist in the host 
for many months. Adenoviruses cause infections of 
the respiratory tract and eyes, and less often of the 
intestine and urinary tract. 

In 1962 Hucbncr reported that adenovirus types 
12 and IS produced sarcoma when inoculated into 
baby hamsters. This led to the intense study of 
adenoviruses at the genetic and molecular levels. 
However, there is no evidence at all relating 
adenoviruses to natural malignancy in humans or 
animals. 


Adenoviruses appear to have a spare capacity 
to carry DNA insert up to 7 kb and arc being 
investigated as potential vectors in gene therapy. 

Morphology; Adenoviruses arc 70-75 ntn in 
size. They have a characteristic morphology. The 
capsid is composed of 252 capsomers arranged as 
an icosahedron with 20 triangular facets and 12 

vertices. Of the 252 capsnmcrs, 240 have six 
neighbours and are called hexons. while the 12 
capsomers at the vertices have five neighbours and 
arc called pentons. Each penton unit consist? of a 
penton base anchored in the capsid .md a projection 
or fibre consisting of a rod like portion with a knob 
attached at the distal end. Thus, the virion has the 
appearance of a space vehicle. 



Fig. $3-1 Morphology of advendviru:-:. 
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Tasle 53,1 Classical ion of human adenoviruses 


Group 

fSubgenujj 


Scrutype 

(Species) 


Hemagglutination Oncogcnk potential 


Red cells Pattern Tumoutogenicity in vivo Transformation of 

cultured cells 


A 

12, IS, 31 

Rar 

* 

High 

4 

B 

3,7, 11, 14,16,21.34,35 

Monkey 

+ 

Weak 

* 

C 

1,2.5,b 

Rat 

t 

Nil 

* 

D 

9-10,13,15,17,19,20, 
22-30, 32, 33, 3*-39, 


4 

Nil 

+ 


42-47 





E 

4 

Rar 

+ 

Nil 

# 

F 

40, 41 

Rar 

1 

NK 

* 

None: 

4 - dermrts comptcrc and t partial benuggfxrtiration : 

NK = not known 



Resistance: Adnoviruses arc relatively stable, 
remaining viable tor about a week at 37 a C, They 
arc readily inactivated at 50 °C. They resist ether 
and Kile salts, 

Growth and host range: Adenoviruses are 
host specific and so laboratory animals arc not 
susceptible- to adenQviruses infecting bu.Tn 3 .n 5 . 
Human adenoviruses grow only in tissue cultures 
of human origin, such as human embryonic kidney, 
HeLa or HF.P- 2 . Cvtopath ll changes may take 
several days to develop and consist of cell rounding 
and aggregation into grape like clusters. Intranuclear 
inclusions may be seen in stained preparations. 
Classification: The family Adenovindae 
contains two genera: Mast-adenovirus* the 
adenovirus of mammals and Anadcnovinm, that of 
birds . In addition to ar least 47 serotypes of human 
origin, mistadcnwiiuscs include simian, bovine, 
equine, ovine, canine, murine, porcine and cetacean 
serotypes. Aviadcnnvi ruses have been isolated from 
fowls, gele and turkeys. They infect only the 
homologous species, with the exception of 
oncogenic human adenoviruses (lor example types, 
12,18, 31) that cause sarcomas when injected into 
newborn hamsters. 


All mammalian adenoviruses share a common 
complement feeing antigen. The group antigens' are 
present mainly on hexons and can be detected by 


Lmunofiuorcscence or ELISA. Type-specific 
antigens arc located on pontonsand fibres. Serotypes 
are identified bv the neutralisation test. Human 

j 

adenoviruses arc classified into six groups (also called 
subgroups or subgenera) based on properties such as 
hemagglutination, fibre length, DNA fragment 
analysis and oncogenic potential (Table 53.1). 
Pathogenesis: Adenoviruses cause infections of 
the respiratory tract, eye, bladder and intestine. 
More than one type of virus may produce the same 
clinical syndrome and one type of virus may cause 
clinically different diseases (Table 53-2), The 
following syndromes have been recognised: 
Pharyngitis: Adenoviruses arc rhe major cause 
of nonbactefial pharyngitis and tonsillitis, 
presenting as febrile common cold. Types 1-7 are 
commonly responsible. 

Pneumonia: Adenovirus types 3 and 7 are 
associated with pneumonia in adults resembling 
primary atypical pneumonia. In infants and young 
children types 7 may lead to more serious and even 
fatal pneumonia. 

Acute respiratory diseases (AULlh This 
occurs usually as outbreaks, in military recruits. 
Serotypes 4, 7 and 21 are the agents commonly 
isolated, 

Fhflryngficnnjunetival fevtr: This 

syndrome of febrile pharyngitis and conjunctivitis 
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Fig 53, 2 4ctenovirus In StOOlS from a Child wilh 
diarrhea, is 2 do.Ood; Virus panicles show 
c ha racier i Stic hexagonal shape. Negative slain with 
3 per cam ammonium molybdate, of (seal sedrmenl 
(Courtesy: Prof. M Mai hen Christian Medical Col logs. 
Vellore.) 

seen in civilian population is usually associated with 
semtypes 3, 7 and 14. 

Epidemic kersHK^injunclivilis CBKG): 
This is a serious condition which may appear as 
an epidemice, usually caused by type S and less often 
by types 1 9 and 57. 

AvljIl- 1'olUduJttr LOnjuflcLiy itis Thin is a 
rwnpurulcrt inflammation nt the conjunctiva with 
enlargement of the submucous lymphoid follicles 
and of the pneauricular lymph nodes. Types 3, 4 
and 11 are commonly responsible. Adenoviral and 
chlamydial conjunctivitis are clinically similar. 
Diun lit;il Adenoviruses can often be isolated 
from feces but their relation to intestinal disease 


some fasti din us adenoviruses, which can he 
demonstrated abundantly in feces by electron 
microscopy but fail to grow in conventional tissue 
cultures, can cause diarrheal disease in children {lot 
example types 40, 41), 'I'hcy have been designated 
as enteric type adenoviruses. Special techniques of 
tissue culture (use of ttypsinisod monkey kidney 
cells or transformed human embryonic kidney cells) 
have been developed for their cultivation. They can 
also' be identified by stool ELISA. 

Acute hemorrhagic Cystitis in children and 
generalised cxunthem are two other syndromes 
which have been reported. Adenoviruses types 11 
and 21 arc responsible iur the former. 

Adenoviruses have been Isa la ted from 
mesenteric lymph nodes in cases of mesenteric 
adenitis and jattisstisception in children. 

1 ahiimliin l! i m h i ■*: Diagnosis can he 
established by isolation of the virus from the throat, 
ere, urine or feces. The materials ate maculated in 
[issue cultures. Preliminary identification is possible 
by noting the eytopathic effects and by complement 
fixation tests with adenovirus antiserum. By 
hemagglutination with rat and monkev erythrocytes, 
the isolate can be classified into subgroups.Taping 
is done by neutralisation tests. 

For serological diagnosis, rise in ritre of 
antibodies should he demonstrated in paired seta. 
Examination of a single sample of serum is 
inconclusive as adenovirus antibodies are so 
common in the population 

Electron microscopy for fecal virus and 


has not been conclusively established. However, immunofluorescence for viral antigen detection in 


Tabl# 53.2 Common syntfromts associated wHh adenoviruses infection 


Syn dram e 


Pnndpa! serotypes 


Respiratory disease in children 

Sore throat, febrile cold, pneumonia 

ARD in military recruits 

Follicular (swimming pool) conjunctivitis 

Epidemic keratoconjunctiviri? (shipyard ere) 

Diarrhea 


1,2,5,6 
X 4, 7,14, 21 
4, 7, 21 
3,7 

X IX 3 ? 
40,41 
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nasopharyngeal and ocular infections are useful. 
Prophylaxis: Specific prevention is required 
only for the control of outbreaks i:i closed 
communities. as in military recruits. Killed and live 
vaccines have been used in them for prevention of 
ARD, with some success. Mo vaccine is available 
for general use. 

A DE NO-ASSOCIATED VIRUSES (AAV) 

Electron microscopy of adenovirus preparations 
have revealed small iamabedral viral particles, 20” 
25 nm in diameter. They are unable to replicate 


independently as they lack enough DNA. They can 
multiply only in cells simultaneously infected with 
adenoviruses and are called adeno-'associated 

viruses {AAV) or adcnosatcllilc viruses. They have 
been classified as the genua deptnd&wms (referring 
to their dependence on adenoviruses) under the 
family Parvoviridae. They can be detected by 
electron microscopy and complement fixation or 
immunofluorescencc with specific antisera. Types 
1 p 2 and 3 are of human origin and cause natural 
infection, while type 4 is of simian origin. Their 
pathogenic sole is uncertain. 


Further Reading, 
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Picornaviruses 



The family Picomavindae comprises a large number 
of very small (pico, meaning small) RNA viruses. 
They are nonenveloped viruses, 27-30 nm lii size, 
resistant to ether and, other lipid solvents, Two 
groups of picornaviruses are of medical importance, 
the enteroviruses that parasitise the enteric tract 
and the rhinowtises that infect the nasal mucosa. 
Two other picornavirus genera of veterinary 
importance are sphthovimscs causing the foot and 
mouth disease of cattle, and Gudrowuses of mice, 
including the encephalomyocarditis virus. 

ENTEROVIRUSES 

Enteroviruses of medical importance include: 
Polkwini* types 1-3, Coxsackievirus A types 1-24, 
Coxsackievirus 13 types 1-6, Echovirus types 1-34 
and Enterovirus types 68-71, 

Paralytic disease of children (in&nrife paralysis) 
has been recognised from very early times. However., 
it was only towards the end of the nineteenth 
century that poliomyelitis {polios = grey; myelitis 
= i nflammarion of rhe spinal cord) was characterised 
as a separate clinical entity capable of causing 
infections in which paralytic cases are far 
outnumbered by silent inapparent infections, 
Landstcincr and Popper (1909.) reported 
experimental transmission of the disease to monkeys 
by inoculation of spinal cord and fecal extract 
filtrates from fatal cases of poliomyelitis. The 
experimental study of the disease was restricted as 
monkeys were the only laboratory animals 
susceptible to the virus. Armstrong (.1939) 
succeeded in adapting a poliovirus (type 2 Lansing 
strain) to cotton rats and mice but few strains could 


be so adapted. Progress was also inhibited by the 
dogma then held that polioviruses were strictly 
neurotropic, multiplying only in die neural rissu.es. 
The demonstration by Endcrs, WfeUer and Robbins 
(1949) that polioviruses could grow in cultures of 
non-ncural ceils from human embryos, producing 
cytopathic effects, was a major breakthrough. The 
Nobel Prize was awarded to them in recognition 
of the seminal importance of this discovery in the 
development of virology as a whole, 

A new type of virus was isolated by Dalldorf 
and Sickles (1948) from the ieces of children with 
paralytic poliomyelitis, from whom type 1 
poliovirus was also isolated. The virus caused 
paralysis on inoculation into suckling mice. This 
was called the coxsackie virus, as the patients came 
from the village of Cuxsac kie in New York. Many 
similar viruses have since been isolated from the 
feces and throats of patients with different diseases 
an well as from healthy individuals. They have been 
designated asecwsackic viruses, classified into groups 
A and B based on the pathological changes 
produced in suckling mice. 

The introduction of tissue culture techniques 
in diagnostic virology led to the isolation of several 
cytopathogenic viruses from the feces of sick as 
well as healthy persons, They were called orphan 
viruses as they could not be associated with any 
particular clinical disease. They came to be known 
by rhe descriptive term ‘enteric cytopatbogenic 
human orphan (ECHO) viruses 1 . Several orphan 
viruses have also been isolated from animal feces. 

The classification of enteroviruses as 
coxsackieviruses and echoviruses was not 
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The virus grows readily in tissue cultures of 
primate origin, Primary monkey kidney cultures are 
used for diagnostic cultures and vaccine production. 
The infected cells round up and beeome nefracfilc 
and pyknotic. Eosinophilic intra.mid.ear inclusion 
bodies maybe demonstrated in stained preparations. 
Well-formed plaques develop in infected 
monolayers with agar overlay. 

PiitiiogoHW:i>S The virus is transmitted by the 
fecal - oral route through ingestion. Inhalation or 
entry through conjunctiva of droplets of respiratory 
secretions may also be possible modes of cntiy in 
close contacts of patients in the early stage of the 
disease. The virus multiplies initially in the 
epithelial cells of the alimentary canal and the 
lymphatic tissues* from the tonsils to the Payer's 
pitches. It then spreads to the regional lymph nodes 
and enters the blood stream {minor or primary 
viremia). After further multiplication in the 
reticuloendothelial system, the virus enters the 
bloodstream again (majorof stxondaiy rijvmia) and 
is carried to the spinal cord and brain. Direct neural 
transmission to the cen tral nervous system may also 
occur under special circumstances* as in 
poliomyelitis following tonsillectomy. 

In the central nervous system, the virus 
multiplies selectively in the neurons and destroys 
them. The earliest change is the degeneration of 
Miss] bodies (chrnmatnlysii}. Nuclear charges 
follow. When degeneration becomes irreversible, 
the necrotic cell lyses or is phagocytosed by 
leucocyte* or macrophages. Lesions are mostly in 
the anterior boms ot the spinal cord, causing flaccid 
paralysis, but the posterior boms and intermediate 
columns may also be involved to some extent, 
Pathological changes are usually more extensive 
than the distribution of paralysis, In some cases, 
encephalitis occurs primarily involving the 
brainstem hut extending up to the motor and 
premotor areas of the cerebral cortex. 

Clinical fe»t l Li res: Following exposure to 
poliovirus, 90-95 percent of susceptible individuals 
develop only mapparent infection,, which causes 


seroconversion alone. It is only in S— 10 per cent 
that any sort of clinical ill ness results. The 
incubation period is about 10 day's on the average 
but may range from four days to lour weeks. The 
earliest manifestations arc associated with the phase 
of primary' viremia and consist of fever* headache, 
sore throat and malaise lasting 1-5 days. This is 
called the minor illness and in many cases may be 
the only manifestation (abortivepoliomyelitis). It 
the infection progresses, the mi nor illness is followed 
3—4 days later by the major illness. The fever comes 
on again (bipharic fever}, along with headache, stiff 
neck and other features of meningitis- This maths 
the stage of viral invasion of the central nervous 
system. Sometimes the disease dues not progress 
beyond this stage of aseptic meningitis [nonpaizlytic 
poliomyelitis). In those proceeding to paralytic 
poliomyelitis* flaccid paralysis develops. Paralysis 
is focal in distribution initially but spreads ewer the 
next 3-4 days. Depending on the distribution of 
paralysis, eases are classified as spinal, bulbar or 
bulbospinal. Mortality ranges from 5-10 per cent 
and is mainly due to respiratory failure. Recovery 
of the paralysed muscles rakes place in the next 4- 
8 weeks and is usually complete after six months, 
leaving behind varying degrees of residual paralysis. 
Laboratory diagtiosiHi Virus isolation in 
tissue culture is the best method for specific 
diagnosis. Many specimens can be used, including 
blood, CSF f throat swab and feces. Virus can be 
i so 3 a ted from blood during the phase of primary 
viremia, 3-5 days after infection, before neutralising 
antibodies appear. But this is of little practical 
importance. Unlike other enteroviruses, poliovirus 
can seldom be isolated from the CSF but can Ire 
obtained from the spinal cord and brain, 
postmortem. The virus can be isolated from the 
throat in the early stage of the disease. Virus 
isolation from feces is usually possible from over 
SO per cent, of patients in the first week, 50 per 
cent- till 3 weeks and 25 per rent till six weeks. As 
fecal excretion may be intermittent, best results are 
obtained by testing focal samples collected on two 
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separate days,, as early m the illness as possible. 
Prolonged fecal excretion may be see si in the 
Lirununodeficien t, but permanent carriers do nut 

occur. 

After appropriate processing to destroy bacteria 
(centrifugation, treatment with ether, addition yf 
antibiotics), specimens are inoculated into tissue 
culture. Primary monkey kidney cells are usually 
employed, though any other human of simian cell 
culture may be used. The virus growth k indicated 
by typical eytopachic effects in 2=3 days. 
Identification is made by neutralisation tests with 
pooled and specific antisera. It must be remembered 

that the mere isolation uf poliovirus tram frcen does 

not constitute a diagnosis of poliomyelitis as 
symptomless infections are so common. Virus 
isolation must be interpreted, along with clinical 
and serological evidence. 

Scrodiagnosis is less often employed. Antibody 
rise can be demonstrated in paired sera by 
neutralisation or complement fixation tests. 
Antibodies appear soon after the onset of paralysis 
so that even the first sample of serum may contain 
appreciable amounts of antibody. Neutralising 
antibodies appear early and. persist for life. In the 
CF tot, antibodies to the C antigen appear first 
and disappear in a few months, while anti-D 
antibodies rake some weeks to appear after infection 
but last for five years.The CF test is useful to identify 
exposure to poliovirus, but not for type-specific 
diagnosis, 

Imimmiiy: Immunity in poliomyelitis is type 
specific. Humoral immunity provided by circulating 
and secretory antibody i s responsible far protection 
against poliomyelitis. IgM antibody appears within 
a week of infection and lasts for about six months. 
IgG antibody persists for life. Neutralising antibody 
in blood generally protects against disease by the 
same serotype of the virus, but may not prevent 
infection of intestinal epithelial cells and virus 
shedding in feces. Secretory IgA in the 
gastrointestinal tract provides mucosal immunity 
preventing intestinal infection and virus shedding. 


Breast milk containing IgA antibody protects infants 
from infection. Poliomyelitis tends to be more severe 
and virus shedding mure prolonged in those with 
impaired humoral immune response.The virus also 
induces cell mediated immunity, but its importance 
appears to be uncertain as persons with defective 
cellular immunity arc seen to respond normally to 
poliovirus infection. 

Prophylaxis: Passive immunisation by the 
administration of human gammaglobulin is of little 
value. 

Attempts at active immunisation with vaccines 
dale from 1910,, Soon after the discovery of 
poliovirus. The early vaccines were crude 
suspensions of the spinal cord from infected 
monkeys, inactivated with formalin (Brodie and 
Park) or ricinoleate (Kolmer). They were not only 
ineffective but often even dangerous, leading to 
vaccination poliomyelitis. Polio vaccines therefore 
became unpopular. Brudic is believed to have taken 
his own life, distressed at the suffering caused by 
his vaccine. Is: was only after 1949, when tissue 
culture was used for growing the virus and the 
existence of three antigenic types of polioviruses 
was recognised, that fresh developments in vaccine 
preparation became possible. By 1953, Salk had 
developed a killed vaccine. Almost simultaneously, 
Koprowslcg Cox and Sabin independently developed 
live attenuated vaccines. 

Salk's killed polio vaccine is a formalin 
inactivated preparation of the three types of 
poliovirus grown in monkey kidney tissue culture. 
Standard virulent strains are used. The three types 
of polioviruses are grown separately in monkey 
kidney cells- Viral pools of adequate tine are filtered 
to remove cell debris and clumps, and inactivated 
with formalin (1:4000) at 37 ®C for 1.2-15 days. 
Stringent tests are carried out to ensure complete 
inactivation and freedom from extraneous agents. 
The three types are then pooled and after further 
tests for safety and potency, issued for use, 

A nationwide controlled field trial conducted 
i.o 1954 in the USA confirmed the safety of the 
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disadvantage in the advanced, countries. Perhaps, it 
may even be beneficial and may help to extend the 
vaccine coverage in countries where wild vims is 
endemic. Ideally, however, it is desirable to 
VKCUUte the whole community at one time so that 
natural dissemination is prevented. The strategy of 
administering the vaccine to ail children in a region 
on the same day {pulse immunisation) has been 
found to Ire useful in the developing countries. 

Eradioaiion of poliomyelitis: By global 
immunisation with GPV it was cons idered possible 
to eradicate the disease. The World Health 
Organisation Assembly in 1988 had proposed 
global eradication of poliomyelitis by the year 2000- 
Boor progress in immunisation in many countries 
has been a set back to this objective. 
EpidofiiinloKy: Poliomyelitis is an exclusively 
human disease and the only source of virus Is 
humans, the patient or much, more commonly tire 
symptomless carrier. Patients shed the virus in feces 
for varying periods, about SO per cent for three weeks 
and a small proportion far 3-4 months. No 
permanent carriers occur.! lowcwer, the virus may 
persist in the environment {sewage) for upto six 
months. Virus shed in throat secretions during the 
early part of the disease may also be a source of 
Infection for the contacts of patients. 

Infection is, in general, asymptomatic. The ratio 
of subclinical to clinical infections has been stated 
as 100 or 1000 to 1, The outcome of infection is 
influenced by the virulence of the infecting strain, 
the dose of infection and, the age of the individual, 
adults being more susceptible than children. The 
following factors may influence the incidence of 
paralysis: 1) Pregnancy carries an increased risk of 

paralysis, perhaps due to the associated hormonal 
changes, 2} Tonsillectomy during tire incubation 
period may predispose co bulbar poliomyelitis. 
3) Injections such as triple vaccine, especially alum- 
containing preparations, may lead to paralysis 
involving the inoculated limb. The mechanism is 
uncertain. The trauma may lead to virus entry into 
local nerve fibres, or the segment of spinal cord 


corresponding to the sire may be more susceptible 
to viral damage due to reactive hyperemia- 4) Severe 
muscular exertion or trauma during the prep analytic 
•stage increases the risk of paralysis. 

Poliovirus type 1 is responsible for most 
epidemics oi paralytic poliomyelitis. Type 3 also 
causes epidemics to a lesser extent. Type 2 usually 
causes inapparent infections in the western countries 
but in India paralysis due to type 2 is cguite common. 
Immunity is type-specific but there is an significant 
amount of cross protection between types 1 and 2, 
between types 2 and 3 and little or none between 
types I and 3. 

COXSACKIEVIRUS 

The prototype strain was isolated by Dalldorf 
and Sickles (194®) from the village; of Coxsackie 
in New York. Several related viruses have been 
isolated since then from different parts of the world, 
The characteristic feature of this group is its ability 
to infect suckling but nos adult mice. Based on the 
pathological changes produced in suckling mice, 
coxsackieviruses are classified into two groups, A 
and B. 

'Properties of the virus: Coxsackieviruses 
are typical enteroviruses, following inoculation in 
suckling mice, group A viruses produce a 
generalised myositis and flaccid paralysis leading 
to death within a week. Group B viruses produce a 
patchy focal myositis, spastic paralysis, necrosis of 
the brown fat anti, often, pancreatitis, hepatitis, 
myocarditis and encephalitis. By neutralisation testa. 
Group A viruses are classified into 24 types and 
group B into sk types. Alt types in group B share a 
common complement-fixing antigen- CoKSackic A 
23 is the same as echo 9 and Coxsackie A24 the 
same as ECHO 34, Some coxsackieviruses {A 7, 
20, 21 t 24 and B 1, 3, 5 T 6) agglutinate human or 
monkey erythrocytes. 

Eh ] s r riiu^c anil growl Its It is necessary to 
employ suckling mice for the isolation of 
coxsackieviruses. Inoculation is usually made by 
intracerebral, subcutaneous arid intraperitoneal 
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mutes- Adult mice aft nnj susceptible- Suckling 
bnmets can be infected experimentally. 

All coxsackie B viruses grow well in monkey 
kidney tissue cultures, while in group A, only types 
7 and 9 straw well. Group A 21 virus prows in 
HeLu cells 

Glinicul kutui'L^i Coxsackieviruses produce 
a variety of clinical syndromes in humans ranging 
from trivial to fatal injections. The following types 
have been recognised: 

I. Herpangina (vesicular pharyngitis) i s a common 
clinical manifestation of cox&ackie group A 
infection in children. It is a severe febrile 
pharyngitis, with headache, vomiting and pain 
in the abdomen. The characteristic lesions arc 
small vesicles, on the fauces and posterior 
pharyngeal wall, that break down to form ulcere. 
2- Aseptic men i i igi tis may be caused by most group 
A and all group B viruses. A maculopapular rash 
may be present. The disease may sometimes 
occur as epidemics. Type A 7 had caused 
outbreaks of paralytic disease in Russia, Scotland 
and elsewhere, the liras for a time having been 
erroneously referred to as Poliovirus type 4. 

3. Hand- Fwt-and-Mouth- Disease (HFMH) was 
Identified in I960 as an exanthematous lever 
affecting mainly young children, characterized 
In - dusters of papulovesicular lesions (in the skin 
and oral mucosa. It occurs as sporadic cases and 
as outbreaks, Coxsackie A-16, 9; B 1-3 were 
Common causative agents initially. It was a 
benign illness resolving in 1-2 weeks. The 
situation changed drastically in the 1970 r s with 
cnterovirus-71 becoming a causative agent, 
causing extensive epidemics with serious 
complication* like aseptic meningitis, 
encephalitis, flaccid paralysis, pulmonary 
hemorrage, with many fatalities, particularity 
in East Asia from Taiwan to Singapore. HFhtD 
in now an important emerging disease. 

4. Minor respiratory infections resembling common 

cold may be caused by A 10, 21, 24 and B3. 

5. Epidemic pleurodynia or Bornholm disease (so 


called because it was first described on the 
Danish island of Bornholm) is a febrile disease 
with stitch-like pain in the chest and abdomen, 
caused hv group B viruses. The disease may 
occur sporadically Of a.§ epidemics. 

6. Myocarditis and pericarditis in the newborn, 
associated with high fatality may he caused by 
group B viruses. The disease may sometimes 
occur in older children and. adults also. 

7. Juvenile diabetes has been claimed to he 
associated with coxsackie B4 infection but a 
causal role for this virus has not been 
cstabl ished- 

8. Orchitis due to coxsackievirus has also been 
reported. 

9. Transplacental and neonatal transmission has, 
been demonstrated with coxsackie B viruses 
resulting in a serious disseminated disease that 
may include hepatitis, meningoencephalitis and 
adrenocortical involvement. 

10. Type B viruses have been associated with rhe 
condition called postvinl fatigue syndmme, hut 
neither the condition nor the association has 
been, dearly defined, 

Laboratory dingnoaiB : Virus isolation from 
the Lesions or from feces may be made by 
inoculation into suckling mice. Identification is by 
studying the hiKtapathnlogy in infected mice nod 
by neutralisation tests. Due to the existence of 
several antigenic types, serodiagnosis is not 
practicable. 

Hpidfcnaiidrtgv. T-ike other enteroviruses, 
coxsackieviruses inhabit the alimentary canal 
primarily and aft spread by the fecal-oral route. 
Coxsackie B virus epidemics tend to occur every 
2-5 years. Young infants ate most commonly 
affected. Vaccination is not practicable as there are 
several serotypes and immunity is type specific. 

ECHOVIRUSES 

When tissue cultures became routine procedures 
in diagnostic virology, several cytopathogenic viruses 
came to be isolated from the feces of sick as well as 
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healthy individuals, These viruses were not pathogenic 
fijr bhemittHy aitunali-Theywere neutralised by pooled 
human gamma globulin. As they could not he 
associated with any particular clinical disease then, 
they were called orphans. They have been given (he 
descriptive designation Vnlericcytopathogenic human 
orphan sinuses' and arc generally known by the sigh 
tafoouinim'. Similar ‘orphan" Anises have also been 
isolated from many animals. 

Properties of the virus: Eeho viruses 
resemble Other enteroviruses in their properties, By 
neutralisation tests, they have been classified into 
34 serotypes, Types 10 and 2? have been removed 
from the group, the former becoming a rcovirus 
and tbe latter a rhinovirus. 

Some echoviruscs. (types 3, 6, 7,11, 12,13,19, 
20, 21, 24 t 29, 30 and 33) agglutinate human 
erythrocytes. Hemagglutination is followed by 
elution, rendering the cells inagglu finable by echo 
or coxsackieviruses but not by myxoviruses. 
Growl li nnd host rnngcr All cchoviruses grow 
well in human and simian kidney cultures 
producing cytopathic effects. Echoviruses infect only 
human beings naturally They are not pathogenic 
to laboratory animals chough occasional strains may 
produce paresis on inoculation into monkeys and 
.newborn mice. 

Clinical features: Though echoviruses were 
originally considered orphans they have since been 
shown to produce a variety of disease patterns, Most 
infections are asymptomatic. In general, the clinical 
features resemble those produced by 
coxsackieviruses. Fever with rash and aseptic 
meningitis, sometimes as epidemics, can be 
produced by seven! serotypes, predominantly by 
types 4,6, 9,16,20,28 and 30. Echoviruses perhaps 

constitute the most comm urn cause of aseptic 
meningitis. Echovi ruses have frequently been 
isolated from respiratory disease in children (types 
1, 11, 19, 20 and 22) and gastroenteritis (type 18), 
but their etiological role has not been proved. 
Occasional cases of paralysis and hepatic necrosis 
have also been reported. 


La bora Inn. diagnosis: Feces, throat swabs 
or CSF may be inoculated into monkey kidney tissue 
cultures and virus growth detected by Cvtopaihic 
changes. The large number of serotypes makes 
identification by neutralisation tests laborious, This 
may be simplified by hemagglutination and the use 
of serum pools for neutralisation. Serological 
diagnosis is not practicable except in case of 
epidemics where the causative serotype has been 
identified. 

Epidemiology: Like other enteroviruses, 
echoviniscs inhabit the alimentary tract primarily 
and are spread by tbe fecal—oral route. Epidemics 
may occur, especially in summer. Vaccination has 
not been attempted. 

MEW ENTEROVIRUS TYPES 

Of the new enterovirus types, 68-71, type 6B was 
isolated from pharyngeal secretions of children with 
pneumonia and bronchitis.Type 69 is not associated 
with any human disease. Type 70 causes acute 
hemorrhagic conjunctivitis, EV-71, originally 
isolated from cases of meningitis and encephalitis, 
causes many other syndromes, including HFMD, 

ActJTH H KMoit it iiA fjcrj 
Conjunctivitis 

A pandemic of acute hemorrhagic conjunctivitis, 
apparently arising in West Africa in 1969 spread 
widely involving several parts of Africa, the Middle 
East, India, South East Asia, Japan, England and 
Europe, The incubation period for this virus is 
about 24 hours and the symptoms are sudden 
swelling, congestion, watering and pain in the eyes. 
Subconjunctival hemorrhage is a characteristic 
feature. There is transient corneal involvement but 
recovery is usually complete in 3-7 days. 
RadieuLomyelopathy has been reported as a 
complication from India- Sometimes it leads to 
paralysis resembling poliomyelitis. 

The causative agent was identified as enterovirus 
type 70- Tr grows only on cultured human cells 
(human embryonic kidney or HeLa) on primary 
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Orthomyxovirus 


The name Myxovirus was used originally for a 
group of enveloped RNA viruses, characterised! by 
their ability' to adsorb onto mucoprotcin receptors 
on erythrocytes* causing hemagglutination. The 
name referred tn the affinity of the viruses to mucins 
(from myra, meaning mucus). Included in this 
group were influenza* mumps, Newcastle disease 
and parainfluenza viruses. The subsequent 
recognition of important differences between 
influenza viruses and the other viruses in this group 
led to their being reclassified into two separate 
families - urrhomvxoviritfatf consisting of the 
influenza viruses and paramyxoviridlc consisting 
of the Newcastle disease virus, mumps virus, 
parainfluenzaviruses, measles and respiratory 
syncytial viruses. Table 5S.1 lists the important 
differences between orthomyxovirus and 
paramyxovirus. 

INFLUENZA 

Influenza is an acute infectious disease of the 


respiratory tract which occurs in sporadic, epidemic 
and pandemic forms. The name 'influenza" is said 
to have been given by Italians during the epidemic 
of 174.1, which they ascribed to the malevolent 
influence of the heavenly bodies or of inclement 
weather. The modem history- of the disease may he 
considered to date from the pa ndemic of 1BR9-1 R90 r 
during which Pfeiffer isolated Haemophilus 
influenzae and chimed that it was the causative 
agent. The most severe pandemic occurred in 1918- 
1919, when it was shown that Pfeiffers bacillus 
was not the primary cause of the disease, though it 
might act as a secondary invader. The isedadon of 
the influenza virus in 1933 by Smith, AndttWti 
and Laidlaw was a milestone in the development 
of medical virology. They reproduced the disease 
in ferrets by intranaxd inoculation with bacreria- 
free filtrates of nasopharyngeal secretions from 
patients. Burnet (1935) developed chick embryo 
techniques for the propagation of the virus. 

A notable advance was the independent 


Table 55.1 Distinguishing features of orthomyxovirus and paramyxovirus 


Property 

Orthomyxovirus 

i^ramyzotartTf 

Sire of virion 

SO-120 nm 

100-300 mu 

Shape 

Spherical; filaments in fresh isolates 

Pleomorphic 

Genome 

Sequenced; eight pieces of RNA 

Single Linear 
molecule of RNA 

Diameter of nudeovapsid 

9 tun 

I K nm 

Site of synthesis of ribonudeoprotein 

Nucleus 

Cytoplasm 

Genetic icassnrtment 

Common 

Absent 

DNA-dependent RNA synthesis- 

Required for multi plica di m 

Not required 

Effect of Acriflortlvcm D 

Inhibits mulriplieatinn 

Docs not Inhibit - 

Aufjgenk stability 

Variable 

Stable 

Hemolysin 

Absent 

Present 
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discovery by Hirst, and by McClelland and Hare 
(.1941) chit influenza viruses agglutinate fowl 

erythrocytes. The property ol hemagglutination was 

found to be a common feature of many other viruses, 

Francis and Magi 11 (1940} independently 
isolated a serotype of influenza virus which was 
antiggnkalfy unrelated to the strains known till then. 
This was designated influenza virus type B„ to 
distinguish it: from the original serotype, which was 
named type A. Taylor (1949) isolated the third 
serotype of influenza vi ms, type C, The classification 
at influenza viruses mto the three serotypes, A, B 
and C, is based on the antigenic nature of the 
'internal 1 or ribonudeoprotein. and the matrix (M) 
protein antigens- 

Influenza occurs also in animals and birds in 
nature. Indeed, che avian influenza virus was. 
demonstrated as early as in 1901, when Centanni 
and Avonuzzi showed that: fowl plague was a viral 
disease. However, as fowl plague (avian Influenza) 
is a septicemia, so different clinically from human 
influenza, the association between the two remained 
unknown rdl 1955, when Schaefer demons trailed 
that the fowl plague virus was amtigenicsdly related 
to type A influenza virus. Shope (1931) isolated 
the swine influenza virus- Not only did the swine 

disease resemble human influenza clinically but 
there was also epidemiological association between 
the two.. It was widely held that the virus spread to 
swine from man at the time ot the 19IS pandemic. 
Influenza viruses have also been isolated from 
horses, whales and seals. 

Birds, particularly aquatic birds, appear to be 
the primary reservoir of influenza viruses and 
natural infection has been identified in several avian 
species. In birds it is usually an asymptomatic 
intestinal infection. TTk cloaca of healthy wild bards 
is the best source for isolation of avian influenza 
viruses- All isolates from nonhuman hosts belong 
to type A- Influenza vires types B and C appear to 
be exclusively human viruses and natural infection 
with them has not been identified in animals or 
birds. Ordinarily, nnnhuman influenza viruses do 


not cause human infection. But they may play an 
important role in the emergence of pandemic 
influenza.. 

I \fujenza V ntrsi’s 

Morphology: The influenza Virus is typically 
spherical, with a diameter of 80-120 mm but 
plcomoiphhm is common. Filamentous forms, opto 
several micrometres in length and readily visible 
under die dark ground microscope, are frequent in 
freshly isolated strains. 

The virus core consists of ribonucleoprotein in 
helical symmetry. The negative sense single 
stranded RNA genome is segmented and exists- as 
eight pieces. Also present is a viral RNA-dcpcndent 
RNA polymerase which is essential for transcription 
of the viral RNA in infected host cells. The 
nudeocapsid is surrounded by an envelope, which 
lias an inner membrane protein layer and an outer 
lipid layer. The membrane protein is also known 
as the matrix or "M protein' composed of 2 
components, Ml and M2. The protein part of the 
envelope is vims coded but the lipid layer is derived 
from the modified host cell membrane, during the 
process of replication by budding. Projecting from 
the envelope are two types of spikes (peplomers): 
hemagglutinin spikes which are triangular in cross 
section and the mushroom shaped neuraminidase 
peplomers. which are less numerous (Fig. 55,1). 
Revislsinet*: The virus is inactivated by heating 
at 50 °C for 30 minutes. It remains viable at 0-4 ”C 
for about a week. If can. be preserved for years at 
-70 °C or by freeze drying. The virus survives slow 
drying and may remain viable on fomites such *$, 
blankets for about two weeks. Ether, formaldehyde, 
phenol, salts of heavy metals and many other 
chemical disinfectants destroy inactivity. Iodine is 
particularly effective, 

Hcmagglutinatirig, enzymic and complement* 
foxing activities of the virus are more stable than 
inactivity, 

H u nuiggfutination: Hemagglutination is an 
important characteristic of influenza viruses, When 
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especially in type B infection in children, which 
may even present as an acute abdominal emergency. 
The uncomplicated disease resolves within about 

seven lI.lv--. 

The most important complication is pneumonia, 
which is mainly due to bacterial supcrinfoction or. 
rarely, caused by the virus itself. Cardiac 
complications, such as congestive failure or 
myocarditis and neurological involvement, such as 
encephalitis, may occur rarely. 

Influenza, particularly infection with type R, has 
been associated with Reyes syndrome. It especially 
affects young children and is characterised by acute 
degenerative changes in the brain, liver and Itidneys. 
Type B infections may sometimes cause 
gastrointestinal symptoms (gastric flu). 

I.uhomtory diftgmisis: £■ Dtitwnsmtjoti of 

d\" inrs antgni- Rapid diagnosis of influenza may 
be made hy demonstration of rhe virus antigen cm 
the surface of the nasopharyngeal cells by 
immunofluorescence. Detection of the viral RNA 
by reverse transcriptase polymerase chain reaction 
is extremely sensitive, but is oflimired availability. 

2. Iwintion or the iiruse Virus isolation is obtained 
readily from patients during the first two or three 

days of the illness but less often in later stages. 
Throat gargtingi arc collected using broth saline 
or other suitable buffered salt solution. If the 
specimen is not processed immediately, it should 
be stored at 4 "'C, or if the delay it long, at -70 T. 
The specimen should be treated with antibiotics 
to destroy bacteria. Isolation may be made in eggs 
or in monkey kidney cell culture. 

The material is inoculated into the amnio tic 
cavity of 11—13 day old eggs, using at least six eggs 
per specimen. After incubation at 35 °C for three 
days., the egg* are chilled and the amnion e and 
allantoic fluids harvested separately. The fluids are 
tested for hemagglutination using guineapig and 
fowl cells in parallel, at room temperature and at 
4 ’C- Some strains of the influenza vims type A 
agglutinate only gti incapig cells on initial isolation. 
The type B virus agglutinates both cells, while type 


50 ? 

C strains agglutinate only fowl cells at with antisera 
to types A, B and C. Subtype identification is made 
by hemagglutination inhibition test. Some nf rhe 
recent type A strains can he isolated by direct 
allantoic inoculation of the clinical specimen into 
9~I I day old eggs. However, type B and C viruses 
will he missed if only allantoic inoculation is used. 

Inoculation into monkey kidney or other suitable 
continuous cell cultures, such as baboon kidney, is 
the preferred method where the facility U available. 
Inoculated cell cultures an* incubated without scrum, 
and in the presence of trypsin, which increases 
sensitivity of isolation. Incubation at 33 "C in roller 
drums is recommended. Virus growth can be 
identified hy hemadsorption with human O group, 
fowl or guuieapsg erythrocytes. Rapid results can 
be obtained by demonstrating virus antigen in 
infected cell cultures by immunofluorescence. 

3, Semlagp Complement fixation and hem¬ 
agglutination inhibition rests are employed for die 
serological diagnosis of influenza- It Is essential to 
examine paired sera in parallel, to demonstrate rise 
Its ticre of antibodies. 

Complement fixation tests with the RNIP-antigen 
of influenza vims types A, R and C are very useful 
as the antibodies- are formed during infection only, 
and not following immunisation with Inactivated 
vaccines. Complement fixation can also be done 
using V antigens for flic* demonstration of strain- 
specific antibodies. Because of its complexity, CP 
tests are now used only r&reiv. 

Hemagglutination inhibition is a convenient and 
sensitive test for the serological diagnosis of 
influenza. However, it has some disadvantages. As. 
the antihcmaglutinin antibodies are subtype* 
specific, it is necessary to use as antigen the strain 
currently causing infection. The major drawback is 
the frequent presence in the sera, of nonspecific 
inhibitors of hemagglutination. The sera, suitably 
treated for the removal of nonspecific inhibitors, 
are diluted serially in hemagglutination plate* and 
tile influenza virus suspension containing 4HA units 
added to each cup. Fowl red cells are then added. 
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separate, and also to keep pigs away from them, 
The practice of keeping several species of hirds 
along with chickens in live bird markets is 
potentially dangerous, 

A unique feature of influenza epidemiology was 
t hat once an an tigenic variant emerged, it displaced 
completely the pre-existing strain. Thus when Al 
(H1NI) strains arose in. 1946-47, they became the 
only viruses causing human disease, and the 
previous AO (HONI) Strains disappeared cnmpletely. 
The Al strains were displaced by Asian (H2N2) 
strains in 1957 and they, in turn, by the A2 Hong 
Kong (H3N2) strains in 1968. However, this rule 
has not been observed in recent years. Even after 
the re-emergence and wide dissemination of the 

H1N1 strain in 1977, the A2 Hong Kong H3N2 
strains continue to be prevalent. The reason for this 
coexistence is not known. 

There is considerable evidence to suggest that 
there occurs an orderly recycling of the virus 
subtypes at least with regard to their hemagglutinin 


(H) antigen. Serocpidemiological (seroarcheo- 
logical) studies indicate that the severe pandemic 
of 1889 was caused by a virus with the antigenic 

structure H2N38 and that this was followed in 1900 

by the subtype 113N8 which led to a moderate 
pandemic. In 1918 came the most severe of all 
pandemics, caused by the 'Swine type* HlNl 
{formerly I Isw MI) virus. Mild epidemics occurred 
around 1933 and 1946 associated with minor 
variations in the H antigen (from Hsw to HO in 
1933, HO to Hi In 1946). The next severe 
pandemic came in 1957 with the H2N2 (Asian) 
subtype.This was followed in 1968 hv the H3N3 
{Hong Kong) virus leading to a moderate pandemic. 
The year 1977 saw the reappearance of the HlNl 
virus. Thus the sequence of variation in the H 
antigen hag been H2-+ H3—* Hi—* H2—* 

Hi from IS89 to the present time (Table 55,3). 
From 1977, both H3N2 and HlNl viruses have 
been circulating together. Table 55-3 lists the 
sequence of appearance of these various subtypes. 


Table 55.3 Calender of appearance ol influenza A virus subtypes (from 1639) 


(Data before 1933 based on Sem a fcheotogy) 


Dare 

Ajrtj^ejiic subtype 

.Remarks 

1869-1900 

H2 NS? 

Pandemic and epidemics 

1900-1910 

H3 NS 

Extensive epidemics 

1918-1933 

HI Nt (former Hsw Nl) 

'Spanish flu'. The mutt severe pandemic 
recorded-; Heavy mortality. 

1933-194* 

HlNl (former H0N1) 

Diionj of influenza virus 

(WS strain-1933);£pidcmic5 of A0‘ strains 

1946-1957 

HI Nl 

Epidemics of ‘ Al' steams 

1957-1968 

H2 N2 

Extensive pandemics of’Asian flu' formerly 
called A2 (Asian) strain., low mortality. 

1968 

ro the present time 

H3 N2 

Moderate pandemic of’Hong Kong flu' 
formerly called A2 time (Hong Kong) strains, 
very low motility. 

1977 

to the present time 

HI Nl 

Re-emergence of former Al strains. first 
appeared in Russia and China ("Red fin"); 

Mild pandemic, very low mortality. 
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Paramyxoviruses 


The family Paraitiyxoviridae contains important 
pathogens of infants and children, responsible for 
a major parr of acute respiratory infections 
(respiratory syncytial virus and parainfluenza 
viruses) and also for two of the most contagious 
diseases of childhood (measles and mumps). 
Though much less common, infections may also 
occur in adults. 

Paramyxoviruses resemble orthomyxoviruses in 
morphology but are larger and more pleomorphic. 
They are roughly spherical in shape and range in 
size from 100 to lOO not, Sometime S with long 
filaments and giant forms of uptd 800 run. The 
helical nuclcocapsid is much wider than in 
orthomyxosiru-scs, with a diameter of 18 nm (except 
in fVieumowVLrjr where i( is 13 nm). The genuine is 
a molecule of linear single stranded RNA. Unlike 
the orthomyxoviruses, in which the segmented 
nature of the gems me facilitates genomic 
reassortments and antigenic variation so typical of 
Influenza viruses, the paramyxoviruses with their 
unsegmented genome do not undergo genetic 
recombinations or antigenic variations. HenCe all 
paramyxoviruses are anlijgenitally stable. 

The nucleocapsid is surrounded by a lipid 
envelope which has the matrix (M) protein at its 
base and two types of transmembrane glycoprotein 
spikes at the surface. The longer spike is the 
hemagglutinin (H), which may also possess 
neuraminidase (Nj activity and is hence ktauWn as 
H or HN protein. It is responsible for adsorption 
of the virus to the host cell surface. The second 
spike is the F (fusion) protein, responsible for fusion 
of the viral envelope with the plasma membrane of 


the host cells, which is the essential earty step for 
infection. It also brings about celi-to-ce.il fusion, 
causing large giant cells or syncytia, which are 
characteristic of paramyxovirus infections. The F 
protein also mediates the hemolytic activity of 
paramyxoviruses. 

The family Paramyxnviridae is divided into four 
g c n c r a— Ru hula vif us Farainfiuen za viiu s, 

MorbiUivims and Awnxminn (Table 56,1), 

RUBUUVIRUS 

Mumps virus (Gemub KubULAVinus) 

Mumps is an acute infectious disease commonly 
affecting children and characterised by 
nonsuppurative enlargement of the parotid glands. 
As epidemic parotitis, it bad been described by 
Hippocrates in the fifth century RC. The viral 
etiology of mumps was demonstrated by Johnson 
and Goodpasture (1934) by its experimental 
transmission to monkeys. Habel in 194.5 cultivated 
the virus in embryonated eggs. In 1955, Hcnlc and 
Deinhardt grew it in tissue culture. 

Properties: The mumps. virus is a typical 
paramyxovirus possessing hnth HN and F proteins. 
It agglutinates the erythrocytes of fowl, guinea pig, 
humans and many other species. Hemagglutination 
is followed by hemolysis and elution at 17 ’ ‘C. The 
virus can be grown in chick embryos ~ in the 
amniotic cavity for primary isolation and the 
allantoic cavity after adaptation. Fggs arc I noculated 
at 6-B day's and incubated at 35 D C for five days 
before harvesting. 

Cell cultures are better suited for isolation - 
primary monkey kidney being the preferred cell. 
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Table 56.1 Properties ol Genera In the Family PiranyunrtiWat 


Property 

P* rjriojfluenapviru ■ 

Genua 

Mumps MarhilliviruB Pneumorirue 

Human viruses 

FirunBuenn 1-4 

Mumps 

Meades 

Respiratory syncytial 
virus 

Diameter of nudeocap5Ld(mn) 

18 

IB 

IS 

13 

Fusion (F) protein 

4 

4 

4 

4 

Hemolysin 

+ 

4 

4 

- 

Hcniagglurinin/HcmadsorpOon 


4 

4 

- 

Neuraminidase 

+ 

4 

- 

- 

InmiixMuJar inclusions an 
cytoplasm (C)/ nucleus (N) 

c 

c 

NX 

c 

ic cytopathic effect is slow 

and consists of 

Epididymo-orchitis 

is a complication seen in 


syncytium formation and the presence of acidophilic 
cytoplasmic inclusions. Growth b host identified 
by bent adsorption. 

The mumps virus is labile* being rapidly 
inactivated it fount temperature Of by exposure to- 
formaldehyde, ether or ultraviolet tight. It can be 
preserved at -70 °C or by lyophilisation. 

The mumps virus is antigenicaJly stable and only 
one serotype exists. Two complement fixing antigens 
can be recognised* as in influenza viruses’—the 
soluble (S) antigen and foe Viral' (V} antigen, 
('linioal features: Infection is acquired by 
intwlarinn *nA probably also through the conjunctiva. 
The virus replicates in the upper respiratory tract and 
cervical lymph nodes and is disseminated through 
the bloodstream to various organs. The incubation 
period is long, about 13-25 days, 

Parotid swelling is usually the first sign of 
illness though it may sometimes be preceded by 
prodromal malaise. Parotid swelling is unilateral 
to start with hut may become bilateral. It is 
accompanied by fever* local pain and tenderness bur 
the skin over the gland is not warm or erythematous* 
Parotitis is nonsuppurative and usually resolves 
within a week. However* involvement of the 
extraparotid sites may be mure serious. Such 
involvement may sometimes occur even in rhe 
absence of parotitis. 


about a third of postpuberta! male patients. The 
testis becomes swollen and acutely painful* with 
accompanying fever and chills. Orchids is usually 
unilateral but when it is bilateral and followed by 
testicular atrophy, srerdiry or low sperm counts may 
result. 

The central nervous system is involved in about 
60 per cent of cases* as indicated by pleocytosis in 
the CSF but only about 10 per cent show symptoms 
of meningitis. Mumps has been reported to cause 
abour 10-15 percent of cases of'aseptic meningitis'. 
Mumps meningitis and meningoencephalitis usually 
resolve without sequelae but deafness may 
sometimes result. Mumps meningitis may 
occasionally occur in foe absence of parotitis* when 
diagnosis rests solely on laboratory evidence. The 
virus can he grown readily from the CSF in foe 
early phase of meningitis. 

Other less common complications arc arthritis* 
oophoritis, nephritis* pancreatitis* thyroiditis and 
myocarditis. 

Epidemiology; Mumps is endemic worldwide 
but has become less common in the advanced 
nations due to immunisatinn. It often occurs as 
epidemics in children 5-15 years of age, and also 
in young people living in groups such as in army 
camps. Household, spread is common. Humans axe 
foe only natural hosts. The source of infection is a 
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Table 56,2 Parainfluenza vims types 


Nomenclature of human types 

Related animal viruses 

Current 

Former 

Parainfluenza type I 

Hemadsorption type 2(HA-2) 

Sendai (mouse) 

Parainfluenza ryp* 2 

Croup assoeiaied (CA) 

Simian viruses 5, 41 (monkey) 

PifUAfluenza type 3 

Parainfluenza rype f [4A 411 

Hemadsorption type 1 (HA-1) 

Shipping ferar (cattle) 


hemagglutination inhibition. 

Serological diagnosis is hampered by wide 
antigenic cross reactions. Faired sera can be tested, 
by neutralisation* ELISA* HI or CF for rise in litre 
of antibodies, 

NEWCASTLE DISEASE VIRUS (NDV) 

The Newcastle disease virus (avian paramyxovirus 
type 1) is a natural pathogen of poultry in which it 
causes explosive outbreaks of pncumocticepbalids 
or ‘influenza With high mortality. In India it is 
known as the Kanikhet vims. Control measures 
consist of vaccination* and slaughter of infected 
birds. 

Human infection with NDV is confined to a 
self-limited conjunctivitis in poultry workers and 
others in contact with infected birds. 

Other types of avian paramyxoviruses cause 
inapparent infection in many species of birds. 

GENUS PNEU MOV Ifl US 

Respiratory Syncytial Virus 
CRSV) 

RSV was first isolated in 1956 from chimpanzees 
with coryza and was called the ‘chimpanzee coryza 
agent' (CCA). A year kter, the virus was obtained 
from children with lower respiratory'tract infection, 
Because it caused cell fusion and the formation of 
multinucleated syncytia in cell cultures* it was named 
respiratory syncytial virus (RSV). It is now 
recognised as the most important cause of lower 
respiratory tract infection in infants* particularly in 
the first few months of life, 

RSV is pleomorphic and ranges in size from 


150—300 nm. The sural envelope has two 
glycoproteins—the G protein by which the p irus 
attaches to cell surfaces, and the fusion (F) protein 
which brings about fusion between viral and host 
cell membranes. The F protein is also rcspoisihle 
for cell-to-cell fusion, which leads tc the 
characteristic syncytial cytoparhic changes in RSV 
infection. 

RSV differs from other paramyxoviruses .n not 
possessing hemagglutinin activity. It also dtxs not 
have neuraminidase or hemolytic prop:rties-. 
Another difference is that its nudeocapsid diimetcr 
(13 nm) is less than that of other paramyxoiniscs 
(IS nm). 

RSV does not grow in eggs but an be 
propagated on hetcroploid human cell culture, such 
as HeLa and Hep-2. It is highly labile and is 
inactivated rapidly at room temperature. Itcan be 
preserved by Eyophilisation, It is antigenicalV stable 
and only one antigenic type exists. However.studies 
using monoclonal antibodies have identiled two 
subrypes called A and R. 

Clinical features: Most RSV Infectitns are 
symptomatic. The vims can hardly ever b found 
in healthy persons;. 

Infection causes a broad range of resdratoiy 
illnesses, In infants, the disease may begin a febrile 
thinorrhea, with cough and wheezing* progressing 
in 25-40 per cent to lower respiratory mvokement* 
including tracheobronchitis* bronchiolits and 
pneumonia. In about one per cent, the iilicss is 
serious enough to require hospitalisation. tSV is 
considered to be responsible for about half thi cases 
of bronchiolitis, and a ejuarter of all pneumonias 
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occurring in the first few months of life. Most 
patients recover in 1-2 weeks but those with 
immunodeficiency or cardiac defects may have 
protracted illness and high death rates- 

RSV is ail important cause of otitis media in 
young children. A relation hetween RSV and the 
s-udden death syndrome in infants has been 
proposed bur not proven, 

In adults RSV infection may present as a febrile 
common cold, It can cause pneumonia in the elderly, 
Epidemiology: RSV is global in distribution. 
It causes annual epidemics in the temperate regions 
during winter and in the tropics during rainy 
seasons. Outbreaks are common in children s wards, 
nurseries and daycare centres. Infection is most 
common in children six weeks to six months of 
age, with the peak at 2-3 months. The newborns 
are believed to be protected by high levels of 
maternal antibody. 

The virus is tran smi tted by dose contact, and 
through contaminated fingers and fomttes. Coarse 
droplets of respirator secretions discharged during 
cough:ng and sneezing are more efficient in 
spreading the virus than fine aerosols. The 
incubation period is 4-6 days. Virus shedding may 
persist for 1-3 weeks, though children with 
defective cell mediated immunity may continue to 
shed the virus for months. 

Reinfection with the virus is not uncommon but 
the disease so produced is milder than in primary 
infection. The role of the antibody in. protection 
against the infection is not clear. Secretory IgA is 
considered mure important than circulating IgG 
in protection. Cell mediated immunity appears more 
important than humoral antibodies in fBCOMHy from 
infection. RSV does not induce high levels of 
interferon production. 

I laboratory diagnosis: RSV can he isolated 
from nasopharyngeal swabs or nasal washings, 
Samples should be inoculated in cell cultures 
(HeLa or HEP-2) immediately after collection. 
Freezing of clinical samples may destroy the virus. 
In cultured cells, RSV causes characteristic giant 


cell and syncytial formation but cytopathic effects 
take about 10 days to appear, Earlier detection of 
viral growth in cells is possible by immuno¬ 
fluorescence tests. Rapid diagnosis nf RSV infection 
can be made by die immunotluorescence test on 
SlUAuf of nasopharyngeal swabs, 

Serological diagnosis is by demonstration of 
rising antibody litres in paired scrum samples by 
ELISA, CF, neutralisation or immunofluorescence 
tests, 

Prtyphylstviv. No effective vaccine is available. 
Attempts at immunisation by formalinked vaccines 
had TO be giver up as the vaccinees developed more 
serious illness than the controls on subsequent 
exposure to the infection. 

Treatment: Management of RSV infection is 
primarily by supportive cate. Administration of 
rihtmrin by continuous aerosol has been found 
beneficial in hospitalised patients, decreasing the 
duration of illness and of virus shedding. 

GENUS MORBILLIVJtiUS 

M EA SLB3 f R u kkoi.a) 

Measles is an ancient disease but for a long time 
no clear distinction was made between measles and 
other exanthematous diseases, including smallpox. 

It was only in 1629 that measles came to be 
considered a separate entity. Thomas Sydenham in 
1690 ggve the first dear and accurate description 
of measles in the English language. 

In 1946 an outbreak of measles occurred in the 
remote Faroe Islands, affecting 75 per cent of the 
inlanders. The classic study of this epidemic by Peter 
Panum, a Danish medical student, kid the basis of 
our scientific knowledge about measles. 

The viral etiology of measles was established 
by Coldberger and Anderson in 1.911 by 
transmitting the disease to monkeys through the 
inoculation o-f filtrates of blood and nasopharyngeal 
secretions from patients. The virus was isolated in 
monkey and human kidney cells by Endcrs and 
I^cblcs in 1954 r 

Measles virus: The virus has the general 
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morphology of pinmysoriniHS (Fig. 56-2) Tt is- a 
roughly spherical but often pleomorphic particle, 
120—250 nm in diameter. The tightly coiled helical 
nudcocapsid is surrounded by the lipoprotein 
envelope carrying on its surface hemagglutinin (H) 
spikes. The envelope also has the F protein which 
mediates cell fusion and hemolytic activities. The 
measles virus agglutinates monkey erythrocytes hue 
there is no elution as the virus does not possess 
neuraminidase activity. 

The measles virus grows well on human or 
monkey kidney and human amnion cultures which 
are the preferred cells lor primary isolation. Isolates 
can he adapted! fnr growth on continuous cell lines 
(HcLa, Vero) and in the a mniotic sac of hen's eggs . 
Cyropathk effects consist of mulrinucleate syncytium 
formation, with numerous acidophilic nuclear and 
cytoplasmic inclusions. Multimicleatc giant cells 
(Warthin-Finkeldey cells) are also found in the 
lymphoid tissues of patients. 

The virus is labile and readily Inactivated by 
heat, ultraviolet light, ether and formaldehyde. It 
can be stabilised by molar MgSO + , so that it resists 
heating at 50 d C lor one- hour. 

The measles virus is a rtfige rurally uniform. It 
shares antigens with the viruses of canine distemper 
and bovine rinderpest. 

Clinical features: It takes ahout 9-11 days 
from the rime of exposure to infection for the first 
signs of clinical disease to appear. These consist of 
prodromal malaise, fever, conjunctival injection, 
cough and nasal discharge. After 3—4 daYS of 
prodromal illness, the rash appears. A day or two 
before the rash begins, Koplik’s spots develop on 
the buccal mucosa and occasionally on the 

r 

conjunctiva and intestinal mucosa. The prodromal 
ilin ess subsides within a day or two of the 
appearance of the rash. The red mamlopapular rash 
of measles typically appears on the forehead first 
and spreads downwards, to disappear in the same 
sequence 3—6 days later, leaving behind a brownish 
discolouration and finely granular desquamation, 

Most patients recover uneventfully but quite a 


few develop complications which may he due to 
the virus (croup, bronchitis) or to secondary 
bacterial infection (pneumonia, otitis media). Rarely 
the virus may cause a fatal giant cell pneumonia, 
particularly in children with immunodeficiencies 
or severe malnutrition. Complications are- more 
common and serious in the developing countries. 

The most serious complication is 
meningoencephalitis. Many survivors have 
neurological sequelae. A rare late Complication is 
subacute sclerosing pancocephalitls (SSPE). 

Protracted diarrhea is often seen as a 
complication in children in the poor nations. The 
vlpjs may he recovered from [be stools of patients 
with measles enteritis. 

There occurs a suppression of delayed 
hypersensitivity after measles infection, which may 
last for weeks or a few months. MimnJuur and other 
allergic skin tests maybe negative during this period. 
Underlying tuberculosis may been me worse 
following an attack of measles Recovery from 
measles may also be associated with an 
improvement ol allergic ecstema or asthma, 
Hudgkins disease or lipoid nephrosis. 

Measles induces labour in some pregnant 



Fig.56.1 Measles ms. 1. Membrane (Mi protein 1 Nuc- 
leocapsid 3, Lipoprotein membrane. 4. Spikes- 

hemagglutinin 
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Arboviruses 


Arboviruses Iarthropod-borne viruses) are viruses 
of vertebrates biologically transmitted by 
hematnphagems insect vectors. They multiply in 
bloodsucking insects and are transmitted by bite to 
vertebrate hosts. Insect viruses and viruses of 
vertebrates that arc sometimes mechanically 

transmitted by injects do not cornc into this 
category. Inclusion in this group is based on 
ecological and epidemiological considerations and 
hence it contains member; that are dissimilar in 
other properties. With better understanding of the 
physical and chemical properties of individual 
viruses,, they arc reassigned to more defined 
tautonomical groups. Though taxonomicilly 
unacceptable, the name 'arbovirus’ is a useful 
biological concept. 

A similar ecological group is that of the 
rodentbome (robo) viruses which axe maintained 
in nature by direct transmission between rodents, 
and sometimes infecting other species, including 
humans, by direct contact without the agency' of 
arthropod vectors, Roboviruses, like arboviruses, 
belong to different taxonomical families, some of 
them in common with arboviruses. 

Aitwiniscs arc worldwide in distribution but 
are far more numerous in the tropical than in tire 
temperate zones. Over 500 viruses have been listed 
in the International Catalogue of Arboviruses 
published in 1985* Most of them cause silent 
infections in rodents and other wild mammals hut 
about 100 of them cam infect humans. In India, 
over 40 arboviruses have been detected, of which 
more than 10 are known to produce human disease, 

Arbovimses have been named according do the 


disease caused (Yellow fever), the place of isolation 
of the virus (Kyasanur Forest Disease) or the local 
name for flic disease (Chikurgunya). They are 
classified according, to their physical and chemical 
features into taxonomic .lI families. Arboviruses have 
been placed in Toga-, Flivi-, Bunya-, Reo- and 
Rhabdovirus families (Table 57-1), Within each 
family, they are classified into genera, and antigenic 
groups, based Oil serological relationships. Some 
viruses arc ungrouped- 

Arhoviruses have a very wide host range 
including many species of animals and birds. The 
ability to multiply in arthropods is their special 
characteristic. The most important arbovirus vectors 
are mosquitoes, followed by ticks. PheJhofom ujt, 
Cbfohdpf and O'nu'dVae are less common vectors- 

In the laboratory, mice are commonly used for 
growing arbovimses, intracerebral inoculation in 
suckling mice being the most sensitive method for 
their isolation. They can be grown in the yolk sac 
or chorioallantoic membrane oi chick embryo, in 
tissue cultures of primary cells like chick embryo 
fibroblasts or continuous cell lines like vero or 
1 IcLa, and in cultures of appropriate insect tissues. 

Most arboviruses agglutinate the red cells of 
goose or day-old chicks, Hem agglutination is 
influenced by pH and temperature,, the optimal 
requirements varying with different viruses, 
Spontaneous elution does not: occur. 
Hemagglutination is inhibited specifically by 
antibody, and nonspecific ally by lipoprotein 
inhibitors in scrum, brain and other tissues. 

In general, arboviruses are labile, being readily 
inactivated at room temperature and by bile salts, 
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Table 57.1 Taxonomy of same important arboviruses 


Earn j'Jy 

Genus 

Important species 

Togaviridac 

Alphavirus 

Chikungunya, Onyong-nyong,. Mayam, SemLiki Forest 

Slndbis, Ross River, Eastern, Western and Venezuelan 
equine encephalitis viruses 

Ftaviviridae 

Flavivirus 

Japanese encephalitis, Murray Valley encephalitis, WesrNile, 
Ilheus, St. Louis encephalitis, Yellow Fever, Dengue types 1. 

2, 3, A, Russian Spring Summer encephalitis complex, 

Loupuig ill, Fowassan, Kyasanur Forest Disease. Omsk 
hemorrhagic fever 

B u n van 1 i rid a* 

Buny-avim-s 

California encephalitis, Gropouche. TutLuck 


Phlcbovanis 

Sandfly fever viruses, Rift valley fever virus 


Natrovirus 

Crimean Congo hemorrhagic lever viruses, Nairobi sheep 
disease virus, Ganjam virus 


Hantavirus 

Hantan, Seoul, Puumala, Prospect Hill, Sin Nombre viruses 

Reoviridae 

Orhivirus 

Colorado tick fever, African horse sickness. Blue tongue 
viruses 

Rhabdoinndac 

Vesiculovirus 

Vesicular stomatitis virus, Chandipura virus 


ether and other lipid solvents. lnfcctivity may be 
reclined at “70 °C or by lyophiiisatkm, 
Antigenic structure! Three antigens are 
important in serological studies - hemagglutinins., 
complement feting and neutralising antigens - all 
integral parts of the virus particle. Considerable 
antigenic cross reactions occur among arboviruses. 
The plaque reduction neutralisation test (PRNT) 

shows the greatest specificity. 

Pathogenesis: The virus enters the body 
through Ehe bite of the insect vector. After 
multiplication in the reticuloendothelial system, 
viremia of varying duration ensues and, in some 
cases, the virus is transported to the target organs, 
such as the central nervous system in 
encephalitides, the liver in yellow fever and the 
capillary endothelium in hemorrhagic fevers. 
Arboviruses cause the following clinical 
syndromes: fever with nr -without rash and 


arthralgia; encephalitis; hemorrhagic fever; and the 
characteristic systemic disease, yellow fever (Table 
57,7). AH infections occur with varying degrees of 
severity, subdinical infections being very common. 
Arboviruses also cause a number of veterinary 
diseases such as Eastern* Western and Venezuelan 
equine encephalitis in horses in America, Rift 
Valley fewr in sheep and cattle in Africa, Blue 
tongue in asses in India, Africa and America, 
Ganjam disease of sheep in India and African horse 
sickness in horses and mules in Africa and Asia. 

I -aboralorr diagnosis: Diagnosis may he 
established by virus isolation or serology As all 
arbovirus infections arc vircniic, blood collected 
during the acute phase of the disease may yield the 
virus. Isolation may also be made from the CSF in 
some encephalitic cases but the best specimen for 
virus isolation is the brain. Specimens are inoculated 
iotracerebraily into suckling mice. The animals 
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teaser extent in complement fixation tests!. The 
oeUEialkatsurt test is more fipeei£jc. They produce 
epidemics of encephalitis in America and dengue 
like fever in the tropics. 

Htieephaililis viruses: Three members of this 
group, Eastern, Western and Venezuelan equine 
encephalitis viruses, cause encephalitis in horses 
and humans. Eastern equine encephalitis (EEE) 
occurs along eastern Canada, USA and the 
Caribbean, causing sporadic cases and small 
epidemics. Western equine encephalitis (WEE) is 
more widely distributed in America and causes large 
epidemics. Veneasekn equine encephalitis (VEE), 
prevalent in Central and South America, usually 
causes an influenza-like illness^ with encephalitis 
in a small proportion of cases. Several species of 
Cukx and Anopheles mosquitoes are the vectors, 
and wild birds the reservoirs. Formalinised vaccines 
have been developed for EEE and WEE and a 
live attenuated vaccine for VEE. 

Viruses (bussing Febrile Illness 

1. Chiictwgimyt virus: This virus was first isolated 
from human patients and Aedes aegypei 
mosquitoes from Tanzania in 1952- The name 
Yhikungunya' as derived from the native word 
for the disease in which the patient lies ’doubted 
Up' due to severe joint pains. Epidemics of 
chikungunya have occurred m many African 
countries. In 195ft, the virus caused a large 
epidemic of hemorrhagic fever in Thailand. The 
virus first appeared in India in 1963, when along 
with dengue, it caused very extensive epidemics 
in Calcutta, Madras and other areas. 
Chikungunya outbreaks occurred at irregular 
intervals along the east coast of India and In 
.Maharashtra till 1973. Since then the virus has 
been quiescent. 

The disease presents as a sudden onset of fever, 
crippling joint pains, lymphadenopaihy and 
conjunctivitis. A mactilopapukr rash in common 
and some show hemorrhagic manifestations. 
HemoFrtragic lesions were common in Calcutta 


when the disease first appeared there in 1963 
but have been extremely rare afterwards. The 
fever is typically hip basic with a period of 
remission after 1~6 day's of lever. The rector is 
Anefeit itegypri. No animal reservoir has been 
identified. Antibody to the virus has been 
demonstrated in horses, cattle and other domestic 
animals but its significance is not known- No 
vaccine is available, 

2 , () i;vi i.' ig ni'-ifig vinu: This virus was first isolated 
in Uganda. 'This is confined to Africa, is closely 
related id the chilcungunva virus antigen itally 
and causes a similar disease. This is transmitted 
by the Anopheles species. The Mayaro virus 
causes a similar disease in the West Indies and 
South Ameriea. 

3. Scmliki Forest mw This virus was, first isolated 
in 1942 in Uganda from Aedes mosquitoes has 
not been associated with clinical illness in 
humans though neutralising antibodies to the 
virus hare been demonstrated in Africans, The 
Sindh is virus, originally isolated from Culoc 
mosquitoes in the Sindbis district of Egypt in 
1952, has subsequently been recovered from 
other parts, of Africa, India, Philippines and 
Australia. In Africa, it is. known to be associated 
with febrile illness in human beings. In India, 
antibodies have been detected in human sera 
but no association has been established with 
human disease. 'The closely related Ross River 
virus has been associated with epidemic 
polyarthritis in Australia. 

FLA VI VIRUSES 

I he family Ftaviviridae contains imly one germs. 
FfavivjYirS. They are somewhat smaller than 
alphavjruscs, being 40 r*m In diameter The name 
fJawwras refers to the type species, the Yellow Fever 
vims (Flams, L " yellow). 

There are over 60 arthropod-home flaviviruses. 
Representative members at this group are 
distributed in all parts of the world, covering sril 
the zoogeograph ic regia ns, They may be considered 
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In India, Japanese encephalitis was first 
recognised in 1955 when the virus was isolated 
from mosquitoes of the Cater rishnui complex from 
Vellore during an outbreak of encephalitis in Tamil 
Nadu. The virus continued to he active in Tamil 
Nadu and Andhra in subsequent years, also* causing 
illness mainly in children, indicating the endemic 
nature of the virus. Most of the cases occurred 
between October and November. 

Japanese encephalitis remained confined ro the 
no-lit hearten i jvarts or I ri d i .i till 1973, when it caused 
a large outbreak of encephalitis in West Bengal. 
The epidemic affected adults also, with mortality 
rates approaching 50 per cent, suggesting that the 
virus was. freshlv introduced into the area. Cases 
occurred mainly between June and October. From 
1976. there have been periodical outbreaks of the 
disease in various parts of India—Dibrugarh 
(Assam} in the cast. Gorakhpur {Uttar Pradesh) 
and Haryana in the north and Gita and Maharashtra 
in the west. In the south, outbreaks have occurred 
in Kolar in Karnataka, various areas in Andhra 
Pradesh.. Firunelveli arid South Arcnt in Tamil 
Nadu, in Pondicherry and lately in Kerala. In 
addition, sporadic cases haw been reported from 
different parts of the country, excepting the 
northwestern states. Japanese encephalitis has 
become a major public health problem of national 

importance in India (Fig. 57.1), 

The natural cycle of the virus has been worked 
out in detail in Japan. Herons act as reservoir hosts 
and pigs as amplifier hosts. Human infection, is a 
tangential 'dead-end' event and occurs when the 
mleeted hui^uiNkk teach high dtrtsr tv. This natural 
cycle in India also may he similar. Natural infection 
has been demonstrated in Arddd birds {herons and 
egrets), as well as biid-to-bird transmission through 
C’iiJcv frits cjuo rbyncri us, Other binds such as ducks, 
pigeons and sparrows may also be involved. 
Vertebrate hosts may include cattle and buffaloes, 
besides pigs. The major vector Cufcx 

tritptniftrhynchui has a predilection for cattle and 
bites them in preference to humans or pigs, but as 


cattle do not develop viremia, they do not contribute 
to spread of the virus. The high cattle™ pig ratio in 
Indi a has been suggested as a factor Limiting human 
infection. 

Preventive measures include mosquito control 
and locating piggeries away from human dwellings. 
A formalin inactivated mouse brain vaccine using 
the Nakayama strain has been employed successfully 
for human immunisation in japan and, in a small 
stale, in India also.Two doses at two weeks'interval 
followed by a booster 6-12 months later constitute 
a full course. Immunity produced by the vaccine is 
shortlived. A live attenuated vaccine has been 
developed in China from JE strain SA 14-14-2, 
passed through weanling mice. The vaccine is 
produced in primary baby banister kidney cells. 
Administered in two doses, one year apart, the 
vaccine has been reportedly effective in preventing 
clinical disease. 

Vaccination of pigs has been proposed in view 
of their importance as amplifier hosts. During 
major epidemics h slaughter of pigs have been 
employed a? a measure of containment, A million 
pigs were reportedly slaughtered in Malaysia in 
1999 to stop an epidemic of encephalitis, 

Vcllim lever: Yellow fever was recognised as a 
clinical entity as early as in die seventeenth century 
and was familiar to pirates as the "Yellow Jack'. It 
is a native of Africa and was transported thence 
along the trade routes to Europe and America.The 
most serious epidemics occurred in the Western 
I Hemisphere—^Central America and the Caribbean, 
and even as far north as New York. Since the early 

twentieth mrtia t y, the disease has hvets largely 

confined to certain areas of Africa and South and 
Central America. 

Carlos Finlay in Cuba in 1881 suggested, that 
yellow fever was spread by Aedes Mcgypti 
mosquitoes.. In 1900, the US Army Yellow Fever 

Commission, under Walter Reed, confirmed this 
observation and demonstrated that Arden 

feeding on human 
patients during the early vj remit' phase of the disease 


mosquitoes were infected by 
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and became infective after an extrinsic incubation 
period of 12 days. This led to the prompt eradication 
of the disease from Cuba and the Panama Canal 
area by controlling the Aedes aegypti. mosquitoes. 
There were even hopes of ultimate total eradication 
of the disease but these had to lie abandoned when 
in 1932 outbreaks of yellow fever occurred in Brazil 
in areas devoid of Acdcs aegypti. Tt was then 
recognised that else virus survives in another cycle 
- the forest or sylvatic cycle - involving' forest 
animals and mosquitoes. 

The yellow fever virus was first Isolated in 1927 
by inoculating rhesus monkeys with die blood of 
an African patient named Asibi. The virus was 
shown bv ThfLler {1930) to grow well following 
intracerebral inoculation in mice. The infected 
mouse brain was used as a vaccine in former French 
West Africa (Dakar vaccine) though this was 
encephalLtogcnic. It was later replaced by a non- 
ncurotropic (17D) vaccine. 

After an incubation period of 3-6 days, the 
disease starts as a fever of acute onset with chills, 
headache, nausea and vomiting. The pulse is usually 
slow despite a high temperature. Jaundice, 
albuminuria., and hemorrhagic manifestations 
develop and the patient may die of hepatic nr renal 
failure. Most cases are less severe, especially in the 
endemic area*, and may present as undifferentiated 
fever without jaundice. 

Histologically, the liver shows cloudy and fatty 
degeneration and necrosis which h typically 
mirizonal, The necrosed cells coalesce arid become 
hyalinised leading to the formation of characteristic 
eosinophilic masses known ess Councilman bodies, 
Acidophilic intranuclear inclusion bodies (Torres 
bodies) may be seen in the infected liver cells sn 
the early stages. The histological picture of the liver 
is specific enough to be diagnostic, and this was 
the basis of early surveys undertaken to detect areas 
of yellow fever activity, A special instrument 
(viscenotoine) was employed for the collection of 
liver tissue from fetal cases for histological 
diagnosis. 


The epidemiology of yellow lever was clarified 
only after the recognition that the disease occurs 
in two distinct patterns. In the urban cycle, humans 
at both as die natural reservoir and as the definitive 
case, the virus being transmitted by the domestic 
Aeries zegypti mosquito. In the forest or sylvatic 
cycle, wild monkeys act as the reservoirs and forest 
mosquitoes. U-facmagegus spegazzinii in South 
America and Aedes afoiautus and A, siittps&ni in 
Africa) as the vectors. Human cases occur only 
when humans trespass into the forest or when the 
monkeys raid villages near the forest. 

The control of urban yellow fever can be 
achieved by eradicating the vector mosquito, as was 
shown in Cuba and Panama early this century by 
Gorgas but this is obviously impracticable with the 
sylvatic disease. Two very effective vaccines have 
been developed for human use. The French 
neurotrOpic vaccine (Dakar) produced.from infected 
mouse brain was thermostable and administered by 
scarification and hence convenient for use under 
tropical field conditions- However, the vaccine 
carries a high risk of producing encephalitis in the 
vaccinees, especially in children. A sale and equally 
effective vaccine, the 17D vaccine was developed 
by Thaler fo 1937 by passaging the Asihi strain 
serially in, mouse embryo and whole chick embryo 
tissues and then in thick embryo tissue from which 
rise central nervous tissue has been removed, lire 
|7D vaccine is therTmLiLabile and is administered 
by subcutaneous inoculation. Vaccination which is 
mandatory for travel to or from endemic arms is 
valid iof 10 years beginning 10 days alter 
vHceination. In 1 mlia, the 17D vaccine i* 
manufactured at the Central Research Institute, 
Kasauli. 

Yellow fever is largely confined to Central and 
South America and Africa. Yellow fever does not 
exist in India, and it is important to us for this 
paradoxical reason. India offers a receptive area with 
a large population of Aeries aegypti and nonimmune 
humans. Strict vigilance is enforced on vaccination 
and quarantine for travel from endemic areas, litis, 
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no doubt, has chocked the entry of the virus into 
India through legitimate passengers. It is likely that 
stray virus introduced may have been kept out, due 
to the prevalence in die local Aede* aegypti of 
Dengue wus, and of antibodies to a wide range of 
arboviruses in the local population. Another reason 
could have been that in Africa, yellow fever was 
mainly in the west, anal in India, Aedes mosquitoes 
were along the eait coast, so that even stray 
i mportations of virus by sea may not have found 
suitable vectors.. This is no longer valid as yellow 
fever has in recent years have caused epidemics in 
East Africa, and Andes mosquitoes have spread all 
along the west coast of India. If ever yellow fever 
gets established in India, the consequences could 
be catastrophic. 

Dengue: Dengue virus is widely distributed 
throughout the tropics and subtropics. (The name 
ciefigue’ it derived from the Swahili Ki d&tgt pepo t 
meaning a sudden seizure by a demon. The term 
'break-bone fever 1 was coined during the 
Philadelphia epidemic in 17SQ)., Dengue fever is 
clinically similar to the illness caused by 
chikungunya and O'nyong-nyong viruses. Four 
types of dengue virus exist: DEN 1 first isolated 
from Hsrwni in 1944, DEN 2 from New Guinea in 
1944 amt DEN 3 and 4 from the Philippines in 
195 ft. Immunity is type specific so that it is passible 
far a person tq- have four separate episodes of dengue 
fever. Dengue has been increasing worldwide over 
the last few decades and today ranks as the most 
important vcctorborne disease, with about 2.5 
billion people in 300 countries at risk. 

Dengue presents clinically after an incubation 
period of 3-14 days, as fever of sudden onset with 
headache, retrobulbar pain, conjunctival injection, 
pain in the back and limbs (break-bone fever), 
lymphadenopathy and maculopapulir rash. The 
fever is typically biphasic (saddle.back) and lasts 
for 5-7 days. Dengue may also occur in more serious 
forms, with hemorrhagic manifestations (dengue 
Hemorrhagic fever) or with shock (dengue shock 
syndrome), These complications, first recognised 


in Thailand, have since occurred in many countries 

in Southeast Asia and the Western Pacific. They 

are more common in previously healthy children 
in the indigenous populations of endemic areas. 
They may be a hypersensitivity or enchancement 
response to sequential dengue virus infection in 
persons sensitised by prior exposure to other 
serotypes of the virus. 

Dengue virus is transmitted from person to 
person by Aecfcs aegypti mosquitoes. The extrinsic 
incubation period is 8-10 days. No vertebrate hosts 
other than humans have been identified. 

Dengue was initially confined to the east coast 
of India and has caused epidemics, sometimes along 
with the chikungunya virus, as in 1963 when 
extensive outbreaks affected Calcutta and Madras. 

Subsequently it has spread westwards and in the 

1990® Surat and Delhi had major epidemics with 
deaths due to D11F and DSS. All four types of 
dengue virus are present in this country. 
Occasionally, more than one type of the virus has 
been isolated from the same patient. 

Demonstration of circulating IgM antibody 
provides early diagnosis, as it appears within two 
to five days of the onset of illness and persists for 

one to three months. IgM ELISA test offers 
reliable diagnosis. A scrip immunochromaiographic 
test for IgM is avaiLahie for rapid diagnosis. 

Control of dengue is limited to vector control 
as no vaccine is- currently available. 

Tick esoh Mi Gitm p 

These viruses produce two clinical syndromes, 
encephalitis and hemotrhagic fevers. 

TiekbtJme encephalitis viruses; A number 
of viruses belongi ng to the Russian Spring Summer 
Encephalitis (RSSE) complex cause encephalitis 

along a wide area of the northern landman from 
Scotland to Siberia.The names given to the disease 
vary from one area to another depending on the 
variations in the prominent clinical features.. Thus, 
in Scotland, it is called ‘looping UT as the disease 
occurs primarily in sheep in which it causes a 
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Fug. $7.2 Distribulion of Kyasanur Fares! Disease (Courtesy: National Inslilule of Virology. Puna} 


BUN Y A VI RUSES 

This family containing over 300 species in the 
largest group of arboviruses. The virus is about 100 
rtm in diameter and has a complex Structure., with 
a triple segmented genome of single stranded RNA. 

Most bunya viruses are moaquitobomc. Some are 
transmitted by sandflies (for example, Phlehotnmus 
fever) or ticks (Crimean Congo hemorrhagic fever). 
Some are established pathogens, causing natural 
diseases, and even epidemics and epizootics, while 
many have been isolated only from insect vectors 
and have not been associated with any human or 
animal disease. Bumyaviruses are so named from 
the type species Bunvamwera, virus isolated from 
mosquitoes in Uganda in 1946.. 

The family Bunvaviridae contains four genera 
of medical importance— Bunyavirus, Phlehovirus, 
Nairovirus and Hantavirus, A number of viruses 
are yet utigrouped. 

(forms Hunvcivirus: The genus contains- over 
ISO species, of which only a few cause human 
infections. The clinical disease caused is 
encephalitis, aseptic meningitis and fever. The 
California encephalitis group of viruses are endemic 
in the USA. Large epidemics of fever with aseptic 
meningitis have been caused by Gropouche rims 
(member nfthc Simbu group) in Brazil.The midge 
Culicoicicx paracusia is the major vector for the 
Oropouchc virus. 


fieri us Fhlebovirus: The major members of 
this genus are the sandfly fever and Rift Valley fever 
viruses, 

PAlefrufomus /ever or sandfly fever, also known 
as Pappatad fever and three-dat fever, is a self- 
limited, nonfatal fever transmitted hy the bite of 
the sandfly Ph/efrofornus papafxsii. It occurs along 
the Mediterranean Coast and Central Asia, 
extending as far east as Pakistan and North West 
India. Cases have also been reported from South 
and Central America. Twenty .intigimi; types of the 
virus exist, of which only five cause human 
disease —Naples, Sicilian, Puma; Toro, Chagies, 
Candi ru. The virus has been isolated from sandflies 
and patients in India. No vertebrate host other than 
humans has been identified,'I 'here is evidence for 
vertical transmission of the virus in sandflies. 

Rift Valley fever is a mosquitoborne virus 
causing enzootic hepatitis in ■'heap and other 
domestic animals in Africa. It is named after Rift 
Val1cy r , Kenya, where It was first recognised. Human 
infection cause? a disease resembling influenza. In 
1977-80, Rift Valley fever caused extensive 
epidemics, with many deaths in Egypt and an 
outbreak of hemorrhagic fever with many deaths 
in 1997-98 in Kenya, In 2000, it spread outside 
Africa for the first time. Causing epidemics in Yemen 
and Saudi Arabia with hundreds of deaths. 

Genus Naimvirus: The genus is named after 
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the type species Nairobi Sheep Disease Virus. 
Members of the Crimean Congo hemorrhagic 
group are the major human pathogens in this genus. 
The Crimean heTnurrhiagk fever virus, liras isolated 
in Crimea in 1945, was subsequently found to be 
identical with the Congo fever virus isolated in 1956 
in Congo (Zaire), hence the name Crimean Congo 
Hemorrhagic Fever (CCHF). The disease Is 
endemic in Eastern Europe, Central Asia and many 
parts ut Africa. Cattle, sheep, goats arid other 
domesticated animals act as natural rcscn’Oin. It is 
transmitted by Hyalomma ticks. During the acute 
phase of the disease, the blood of the patients is 
highly infectious and direct Transmission may occur 
through contact, A related vims, Haora, has been 
isolated in Pakistan. It is also widespread in Iran, 

Iraq and the UAE- Antibodies to the CCHF group 
□f viruses haw been detected in human and animal 
sera from India. 

Nairobi sheep disease is an acute, hemorrhagic 
gastroenteritis caused by a Niurovirus in sheep and 
goats in East Africa. Tt is transmitted by 
Rhipscephalgs ticks. The virus produces a mild 
febrile illness jn shepherds tending infected flocks. 

The Ganjam virus, isolated from ticks collected 
from sheep and goats in Orissa, India, is closely 
related to the Nairobi sheep disease virus. The 
Ganjam virus has also been isolated from human 
sources. Accidental infection in lahoratoiy workers 
has caused mild t eh rile illrses*, 

G c n ll* Hantavtrus: Tbis vjrus tauses 
hemorrhagic fever with renal syndrome (HFRS), 
also known as endemic or epidemic 
msph roMncphriris, Manchurian epidemic 
hemorrhagic fever, nephrnparhia epidemic*, 
rodent-home nephropathy and other names. This 
condition first attracted attention in the early 1950s 
when a large number of US soldiers, serving in 
Korea got the infection but it has been prevalent in 
Scandinavia, Russia and China for centuries. 

The. disease occurs in two (ortnn—the milder 
epidemic nephritis (EN) common in Scandinavia 
and the more serious epidemic hemorrhagic fever 


(EHF) in the far east. The clinical picture resembles 
typhoid, leptospirosis and scrub typhus. 

[he genus Contains at leant four specie*— 
Hantaan virus caus ing the severe H FRS i n the Far 
East, North Asia and Russia, Seoul virus causing n 
milder type of disease and probably present 
worldwide, Puumaia virus responsible for 
nephropathia epidemics in Northern and Eastern 
Europe, and Prospect Hill vims isolated from voles 
in the USA, which has not been associated with 
human illness. 

Hantavirus species are natural pathogens of 
rodents—Held mice [Apodemus agmiius) being the 
major host for Hantaan, rats [forms ramw> and R, 
aorvcgicus) for Seoul, and voles tor Puumaia and 
Prospect Hill viruses. Viremia is present in infected 
rodents and the virus is shed in urine, feces and 
saliva in high ritres. Transmission From rodent ro 
rodent and rodent to humans is primarily 
respiratory, by inhalation of the virus contained in 
dried excreta. Domestic rats appear to be the source 
of infection in urban cases of HFRS. .Though there 
are reports of the role of mites in the transmission 
of the infection, this is not confirmed. In the 
absence of proved arthropod transmission, HFRS 
should be considered a robovmis and not strictly 
an arbovirus infection. 

Demonstration of IgM antibody by ELISA or 
of rising litres of immune adherence 
hcmagglutinatmg antibodies in paired sera arc used 
for laboratory' diagnosis. 

A new syndrome, the Hama rims pulinoiiuy 

syndrome was identified in south western USA in 
1993. After a prodrome of fever, malaise, myalgia 
and gastrointestinal symptoms, lasting for 3-4 days, 
patients develop pulmonary involvement with early 
radiological picture of pulmonary edema, hut few 
physical findings. In severe cases, tachypnea, 
tachycardia, hypotension and hypom lead to death. 
The disease is caused by a newly identified 
hantavirus, the Sin Nombte (meaning nameless) 
virus, which is associated with the deer mouse and 

other rodents of the rigmodontine subfamily. No 
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adtUTt Th-e rabies vi rus can grow in several 
primary and continuous cell cultures such as chick 
embryo fibroblast, porcine « hamster kidney but 
cytoptbic effects arc not apparent and the yield of 
virus is low. The fixed virus strains adapted for 
growth in human diploid cell, chick embryo and 
vero cell cultures are used for the production of 
vaccines. 

RABIES 

Rabies has been recognised from very ancient times 
as a disease transmitted to humans and animals by 
the bite of'mad dogs'. The name 'rabies’ comes 
from the Larin word raWdufi, meaning mad, derived 
from the Sanskrit root iabh&s> for frenzy. Reference 
to rabies occurs in the Mesopotamian laws of 

Eshnurcna (Circa 2200 BC). The disease was 
traditionally associated with (be appearance of (he 
[log Star Sirius in the 'dog da vs □f summer when 
dogs were considered to be prone to spells of 
'madness*. The disease in human beings is called 

hydrophobia because the patient exhibits fear of 
water, being incapable of drinking though subject 
to intolerable thirst. Rabies in animals is not called 
hydrophobia because they do not have this peculiar 
feature. 

The causative agent of rabies bad, for centuries, 
been associated with the saliva of rabid dags but it 
was only in 1804 that Zinks adduced proof by 
transmitting the disease to normal dogs by the 
inoculation of saliva from rabid dogs. In 1821, 
Magendie and Brcschet infected dogs with saliva 
from a human patient, proving the identity of the 
agent causing human and animal rabies. In a series 
of studies daring I ram 1883, Pasteur established 
that the rabies vims was. present in the brain of 
infected animals. By serial intracerebral passage in 
rabbits, he obtained the fixed virus and demons traced 
that dogs could be- rendered immune by a series of 
injections of fixed virus of graded inactivity. This 
vaccine was prepared by drying For various periods 
pieces of spinal cord from rabbits infected with the 
fixed virus, in July 1995, Joseph Mcister, a nine- 


year-old boy, severely bitten by a rabid dog and in 
grave risk of developing rabies, was given a course 
of 13 inoculations of the infected cord vaccine by 
Pasteur. The boy survived. This dramatic event was 
a milestone in, the development of medicine. 
Piiihngcncsis: Human infection is usually 
caused by the bi te of rabid dogs or other animals, 
The virus present in the saliva of the animal is 
deposited in the wound. If untreated, about half of 
such cases may develop rabies. Rarely, infection can 
also occur following non "bite exposures such as 
licks or aerosols or transplantation of cornea or 
other virus infected tissues. Humans appear to 
possess a high degree of natural resi stance to rabies. 
The extent of inapparent or abortive infection with 
rabies vinus in humans is not known bur the finding, 
in a survey, of rabies antibodies in six per cent of 
veterinarians without any history of anrirabic 
vaccination suggests that Lt does occur. 

’Hie virus appears to multiply in the muscles, 
connective tissue or nerves at the site of deposition 
for 48-72 hours. It penetrates the nerve endings 
and travels in the axoplasm towards the spinal cord 
and brain. The movement of the virus in tile axons 
is passive, at a speed of about 3 mm per hour. The 
infection spreads centripetaily from the axon to the 
neuronal bodies, and progressively up the spinal 
cord through the synapses of the neurons. The virus- 
ascends rapidly to the brain where it multiplies and 
spreads centrifugally along the nerve trunks to 
various parts of the body including the salivary 
glands- It multiplies in the salivary glands and is 
shed in the saliva. The presence of the virus in the 
saliva and the irritability and aggression brought 
on by the encephalitis ensure the transmission Hid 
survival of the virus- in nature. The virus ultimately 
reaches virtually every tissue in the body, though 
the centrifugal dissemination may be interrupted 
at; any stage by death. The virus is almost invariably 
present in the cornea and the ferial skin of patients 
because of their proximity to the brain. This 
provides a method for the antemortem diagnosis 
of hwitran rabies. The virus may also fee shed its 
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milk and urine. Vircmia is not clinically significant 
though if has been demonstrated under experimental 
conditions. 

In human* the incubation period is usually from 
1-1 months, though it may be AS short as 7 dap or 
as long m three years. The incubation period is 
usually short in persons bitten on the face or head, 
and long in those bitten on the legs, This may be 
related io [he distance the virus has to travel to 
reach the brain. The incubation period is generally 
shorter in children than in adults. 

The course of the disease its humans can be 
classified into four siages —-prodrome, acute 
encephalitic -i I l.l>c - , Lorn* atld death. The OilSCl is 
marked by prodromal symptoms such as fever, 
headache, malaise, fatigue and anorexia. An, early 
symptom is often a neurkic type of pain or 
paresthesia and fascicularion at the site of virus 
entry. Apprehension, anxiety, agitation, irritability, 
nervousness, insomnia or depression characterise 

the prodromal phase, which usually lasts 2-4 days. 
Excessive libido, priapism and s-purit a n e a us 
ejaculation may occur rarely- 

The acute neurological phase usually begins 
■with hyperactivity, which n characteristically 
intermittent, with bouts of bizarre behaviour, 
agitation or seizures appearing between apparently 
normal periods. Such hyperactivity may be 
spontaneous or precipitated by external stimuli.The 
pathognomonic feature is difficulty in drinking, 
together with intense thirst. Patients may be able 
to swallow dry solids but not liquids. Attempts to 
drink bring on such painful spasms of the pharynx 
and. larynx producing choking or gagging that 
patients develop a dread of even the sight or sound 
of water (hydrophobia). Generalised convulsions 
Follow. Death usually occurs within 1-6 days due 
lo respiratory arrest during convulsions. 

Some patients progress to paralysis. In rare cases, 
hyperactivity may not be prominent and paralytic 
Features dominate from the beginning. Such 
paralytic disease is more common in Latin America 
and Trinidad after exposure to vampire bat rabies, 


and in those who have received pos [exposure 
vaccination. Patients who survive the stage of acute 
neurological involvement lapse into coma, which 
may last for hours or days. Death jj due to 
respiratory arrest or other complications. 

Some persons exposed to teal of imaginary risk 
of rabies develop a psychological disorder which 
has been called tyssaph-nbia or hydniphotiiophobia. 
Patients present with anxiety, irritability anti 
exaggerated hydrophobia. They are afebrile, 
Sedation and reassurance are generally all that are 
called frtr. 

In dogs, the incubation period is usually 3~6 
weeks but it may range from 10 days to a year. The 
initial signs ate an alert, troubled air and a change 
in disposition with restlessness, snapping at 
imaginary" objects, licking or gnawing at tile site of 
the bite, After 2-3 days of this prodromal stage, 
the disease develops into either the iuMusor dumfe 
type of rabies. Ill Hifious fsbies,. which is much 
more common, the dog runs amok, biting without 
provocation and. indiscriminately. The lower jaw 
droops and saliva drools from the mouth, Paralysis, 
convulsions and death follow, The second type, 
dumb rabies, is the paralytic form in which the 
animal lies huddled, unable to iced. The dog may 
not bite but attempts to teed it are dangerous. The 
dumb form is as infectious as the furious type. About 
60 per cent of rabid dogs shed the virus in saliva. 
Rabid dogs usually die in 3-5 days. 

There have been reports of persons developing 
rabies after being bitten by apparently healthy dogs. 
However, in countries like India where stray dogs 
are so common, it is not always easy to exclude the 
possibility'of such patients having beers bitten earlier 
by other animals. The presence and prevalence of 
rabies virus carrier state in dogs has been a matter 
of controversy' and concern. If at ail, this h a very' 
rare event The possibility of carrier dogs has not 

so far altered the recom me ndations for prsfexposwc 
treatment 

Rabies in cats is rimilw to canine rabies. Ifoline 
rabies is an important source of human infection in 
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laboratories in India manufacture BPL cacci i ic 
3. Inftjir brain vaccines; The cncephaJitogcnic 
factor in brain tissue ss a basic protein. associated 
with myelin. Lt is scanty or absent in the 
nonmyelinated neural tissue of newborn animals. 
So vaccines were developed using infant mouse, 
rat or rabbit brain. Occasional eases of 
neurological reactions have occurred following 
infant brain vaccines also- Infant brain vaccine 
is impractical in India due to the very large 
quantities required. 

Neural vaccines ate unsatisfactory for many 
reasons. "J'hcy are poor immunogens as they contain 
mostly nuclcoeapsid antigen, with only small 
quantities of glycoprotein G t which is the sole 
protective antigen. They may contain infectious 
agents which may not be i nactivated during vaccine 
preparation and storage. They are encepbaliiogenie. 
Neural vaccines have been abandoned in the 
developed countries. The only reason for their 
continued production and use in a few developing 
countries is that they ate cheap. 

NQN-IVEUte %L V VCCIM'.S 

L Equ racemes: (a) Dude egg vaccine prepared. 
Irons a fixed virus adapted lot growth in duck 
eggs and inactivated with beta prupicdaccoite was 
used, but was discontinued because of its poor 
imnuinogcnicity. A purified, more potent duck 
egg vaccine was developed, but was supplanted 
by tissue culture vaccines which became 
available then,, (b) Live attenuated chick embtyo 
vaccines: two types of vaccines were developed 
with the Fluty strain-rhe Low Egg Passage 
(LEP) vaccine at 411-50 egg passage level lot 
immunisation of dogs and the High Egg Passage 
{HEP) vaccine at ISO passage level for Cattle 
and cats, these are not in use now. 

2- Tissue cu/nra racemes; The firs t cell culture 
vaccine was the human diploid cell (HDC) 
vaccine developed by Kopiowsky, Wjktor and 
Plotkin. It ih a purified and concentrated 
preparation of fixed rabies virus (Pitman-Moott 


strain) grown on human diploid cells. (WI IS 
or MR.C 5) and inactivated with beta 
propiolactoix or tri-n-butyl phosphate. It is 
highly antigenic and tree from serious side 
effects, Its only disadvantage is its high cost. 

Other equally effective and more economical 
vaccines have been developed. Ilwsc include: 
primary ceil culture vaccines grown on chick 
embryo, hamster kidney and dog kidney cells and 
continuous cell culture vaccines grown on Vert; 
cell line derived from the kidneys of vervet 
monkey or African green monkey (Ccrcopd/iccus 
aethinps). 

In India the following CtD culture vaixines are 
available: Human diploid cell {HDC} vaccine 
Purified tijjde crntyiu cell (PCEC) vaccine and 
Purified vem cell (PVC) vaccine. All three of 
them arc equally safe and effective. 

3. Sitbunii vacant-- The glycoprotein subunit cm 
the dims surface, which is the protecti ve antigen, 
has been cloned and recombinant vaccines 
produced. They arc still in the experimental 
stage 

Vaconatio.\ ; ScHfiom ee 

Antirabic vaccine should be administered when a 
person lias been bitten, scratched or licked by an 
animal which is rabid or cannot be apprehended. 
When the biting animal can be observed, it should 
not be destroyed but should, he kept for ten days. 
The observation period often days is recommended 
because the vims may be present in the saliva 3-4 
days before onset of symptoms and the animal 
usually dies within 5-fi days of developing the 
disease. If the animal remains healthy after this 
period, there is no risk of rabies and vaccination, if 
already starred, may be discontinued. This, of course, 
does nor take into account the rare possibility of 
the carrier state in dogs. 

In cases where the vaccine is started with the 
hiring animal kept under observation, to alternative 
recommendation is to stop treatment after five days. 
"Die animal is observed for a further five days. 
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vaccine being starred again if the animal becomes 
ill or ilies during the periud. 

\ til Till vaccines? The dosage of the vaccine 
depends on the- degree of risk ro which the patient 
his been exposed, According patients are classified 
as follows: 

CJnax I: Patients in whom the risk is estimated to 
be slight. These include: 

a. Licks, including direct contact with saliva on 
definitely remembered fresh cuts or abrasions 
on all parts of the body except the head, face, 
neck or fingers. 

b, Licks on intact mucous membrane or 
conjunctiva. 

c. Bite or scratches which have rai sed the epidermis 

but have not drawn blood, on all pans of the body 
except the head, face, neck or fingers. 

d, Consumption of unboiled milk or handling raw 

flesh of rabid animals. 

Class //: Persons who are estimated to be at 
moderate risk. These include: 

a. Licks on definitely remembered fresh cuts or 
abrasions on the fingers. 

b. All lutes or scratches on the fingers which are 
not lacerated, not more than half a centimetre 
long and have not penetrated the trae skin. 

c. Biles or scratches on all parts of the body except 

the head, face, neck or fingers which have: drawn 
blood but excluding bites which have five teeth 
marks or more, or in which extensive laceration 
has occurred. 

Cfiss III: Persons In whom the risk is estimated 
to be great. These include: 

a. Licks on definitely remembered fresh cuts or 
abrasions on head, face or neck. 

b. All bites or scratches on the head, face or neck. 

c. All bites or scratches on the fingers which are 
lacerated, more than half centimes re. long nr 
have penetrated the true skin, 

d. All bites penetrating the true skin arid drawing 
blood, when there are five teeth marks or more. 

e. Ail hires an any part of the body causing extensive 

laceration. 


f All jackal and wolf hires, 
g, Any Class 11 patient who has not received 
treatment within 14 dap of exposure. 

The recommended schedule of vaccination for 
the different classes is as follows: 

Semple vaccine BPL vaccine 

Class I 2 ml x 7 days 2 ml x ? days 

Class II 5 ml as 14 dap 3 ml x 10 days 

Class III lb ml as 14 days 5 ml s 10 days 

The above schedule for the BPL vaccine is 
recommended by the Pasteur Institute, Coonoor. 
The Central Research Institute, Kasauli, 
recommends a slightly different dosage for its 
vaccine, (The manufacturer's instructions should be 
followed in every case). 

The immunity following vaccination with 
neural vaccines is expected to fast far six months 
only and any exposure later should receive fresh 
treatment. The vaccine is administered 
subcutaneously on the anterior abdominal wail. 

Antirabie vaccine may cause certain adverse 
reactions. These range from minor local reactions 
to serious neuroparalytic complications. The fatter 
may be of the nevritk type, the dorsilumbar type, 
the Landry type of ascending paralysis or 
encephalomyelitis. The etiology of neurological 
complication is believed to be immune response to 
she injected brain tissue resulting in organ specific 
immunological damage as in experiment?! allergic 
encephalomyelitis. These complications usually 
occur within 1-4 weeks of commencement of 
vaccination. The incidence of complications varies 
with different vaccines, one in 2000to one in 12,0001. 
When such complications are noticed during the 
course oi vaccination, further vaccination should 
be withheld and the patient started on 
corticosteroids. If further vaccination is considered 
imperative, non-neural vaccine should be used. 
Severe exertion and the use of alcohol during 
vaccination have been said to increase the risk of 
neurological reactions. 

Coll culture viicoiiitsie All three cell culture 
vaccines available in India (HDC, PCEC and PVC) 
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F|g. 58.2 Negri bodies: O^uid Inclusions in itie cytoplasm d 1 naurona In rahld dog brain 


have the same dosage schedule, which i* the name 
for both adults and children. 

Pre -exposure prophylaxis requires three doses 
of the vaccine injected on day 0, 7, 21 or 0, 28 and 
56. A booster done is recommended after One year 
and then one every five years. 

Postexposure prophylaxis requires five or six 
doses* on days 0, 3, 7, 14, 3€ and optionally 90- 
This course is expected to give protection for ar 
least five years, during which period any further 
exposure may need only one or two booster doses 
(on days 0, 3) depending on the degree of risk. 
After five years* it is advisable to give a full five 
injection coumc if exposed ro infection. 

The vaccine is En be given IM or SC in the 
deltoid region, or in children on the anterolateral 
aspect of the thigh, Gluteal injections arc to be 
avoided as they are found to be less immunogenic* 
It has been shown that a dose of 0.1 ml 
administered intraderenailv is as effective as a 0.5- 

Jr 

1.0 m! dose SC or IM and that immunisation may 
thus be made more economical. However, this is 
not recommended as a routine practice, as 
intradermal injection is technically difficult* and it 
will be ineffective if this dnse is given 
subcutaneously by mistake. 


Passive immunisation: Antirabic serum is 
manufactured by hyper immunisation of horses. 
Crude equine antirabies scrum is not to be used as 
it is liable to induce anaphylactic reactions. Purified 
equine rabies immune globulin (ERIG) is much 
safer, though not completely free from risk. Human 
rabies immune globulin (J JR1G) Is free from the 
danger of sensitisation but should be ensured free 
Inom HIV and hepatitis viruses, HRJG is much 
costlier than ERIG* 

Passive immunisation is an important adjunct 
to vaccination and should be invariably employed 
whenever the exposure is considered of high risk. 
I’he recommended dose of H RIG is 20 lUAg body 
weight, half the volume infiltrated at the sire of 
the wound and the other half injected in the gluteal 
region. Passive immunisation should be given before 
or simultaneously with the first injection of the 
vaccine, but not after it. In persons receiving the 
serum and vaccine* a booster dose of cell culture 
vaccine on day 90 may lie given. 

Rccom rnendations tor postexposurc prophylaxis, 
as endorsed by the WHO in 1988, are shown in 

‘Vaccine failure/ (persons developing rabies 
even after ,i full course of immunisation) arc not 
uncommon with neural vaccines* while they are 
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Table 50-1 Recommendation for postexposure prophylaxis (WHO) 


Category of risk 

Type of exposure 

Recommended prophylaxis 

I 

Touching or feeding of animals; 
licks on intact skin 

None (if history is reliable) 

II 

Nibbling of uncovered skin; 
minor scratches or ibmtani without 
bleeding; licks on broken skin 

Stare vaccine. May be discontinued if 
animal is well after 10 days 

111 

Transdermal bites or scratches - 
contamination, of mucous membrane 
with saliva 

Rabies immune globulin vaccine m he 
started. May be discontinued if animal 
is well after 10 days 


extremely rare when immediate local treatment has 
been followed by rabies immunoglobulin and a full 
course of i cell culture vaccine. In view of the safety 
of the cell culture vaccine, it Would be advisable CO 
recommend the vaccine even when there is the 
slightest risk of exposure to rabies. 

Vaccine lor nninial& Anti rabies immunisation 
in animals is to be dune as pre-exposure prophylaxis. 
Postcxposure treatment is not generally of much 
use. Neural vaccines arc not satisfactory as they are 
not adequately immunogenic, need multiple doses 
and have to be repeated every six months. 
Concentrated cell culture vaccines containing 
inactivated virus are now available, which give 
good protection after a single 1M injection. 
Injections are given at 12 weeks of age and repeated 
at 1-3 year intervals. Rabies vaccines may he given 
separately or as combined vaccine for immunisation 
against other common vcterinaiy infections also. 
Tbcatitient Until recently, rabies was considered 
to be invariably fatal and no serious attempt at 
treatment was made, apart from sedation. It has 
now been demonstrated that complete recovery can 
occur from established, rabies, with intensive 
supportive care and management of complications. 
No specific antirabies agent is available. 
Epidemiology? Human rabies is a dead end. 
Direct person-to-person transmission of rabies has 


not been recorded, though the virus is present in 
the saliva of patients. Therefore, there is no danger 
in examining or nursing hydrophobia patients 
provided suitable precautions arc taken. An unusual 
mode of transmission of rabies has occurred In some 
recipients of corneal grafts. The donors had died 
of unsuspected rabies and the infection was 
transmitted through the cornea. 

Rabies virus is present in terrestrial animals in 
all parts of the world except Australasia and 
Antartica, and some islands like Britain. Two 
epidemiological types of rabies exist, - Urban, 
transmitted hy domestic animals like dogs and cats; 
and syfvafre, involving animals in the wild, such as 
jackals, wolves, foxes, mongooses, skunks and bats. 
Most cases of human rabies follow dog bites but in 
endemic areas almost any animal can transmit 
rabies. In India, antirabic treatment is to he 
considered following the bite of any animal except 
rats. Where urban f iC-mestic rabies has been 
controlled, as in the USA. the majority of infections 
are due to hires by wild animals. 

The primary source oi the rabies virus in nature 
seems to be in the mustel'ds and viverrids, the 
ermine in the northern coniferous forests, the skunk, 
mink and weasel in North America, the mottled 
pole car in the USSR, the civet and pole cat in 
Africa and the mongoose in Asia. Rabies virus has 


Copyrighted material 













i Rhattftovinjses *■ 


545 


been isolated repeatedly from the brain and salivary 
glands -of apparently healthy wild rodents. The virus 
survives in this reservoir population by achieving 
a State of latency with occasional activation such 
that only a small proportion of them will he 
shedding the virus at any one time. From the 
reservoir species, wild vectors such as tines, wolves 
and jackals acquire the infection and occasionally 
epizootics occur in these species. Carnivorous 
animals may acquire the infection by eating carcasses 
containing the virus. From these species the disease 
spreads to dogs and other domestic animals. 

A smouldering epizootic of rabies in the red 
fox in Europe had spread westwards steadily from 
Poland to France during the list few decades. 
Vaccine baits (chicken head or other meat 
containing live attenuated rabies virus) have been 
used ro immunise the red fox in an attempt to check 
the epizootic in the forests ot Europe. 

Another natural cycle of rabies concerns bats. 
A fatal paralytic disease of cattle and humans was 
noticed in Central and South America and the West 
Indies early in the twentieth Century. This was 
identified as rabies only years later. The disease was 
shown to be transmitted by vampire bars that sweep 
down on their prey at night. Vampire hat rahies 
had taken a heavy toll of cattle. Vampire bats may 


shed the rabies virus as symptomless carriers over 
a period of several months. 

Rabies also occurs in insectivorous and 
frugmirous hats. Infection in insectivorous hats is 
symptomatic, while fragivorous bats, become 
asymptomatic carriers, While in canines rabies is 
neurotrnpic, in bats the virus is primarily' adapted 
to the respiratory tract. Humans may be infected 
by aerosols if they enter caves where infected hats 
colonise. Pncumotrnpic rabies virus strains have 
been obtained from hats. Rat rabies is largely 
confined to the Americas, A few strains of the rabies 
virus hive been isolated from bars in Europe but 
their epidemiological significance is not known, 

Rahies is endemic in India.. It has been estimated 
that more than 30,000 people die of rabies in India 
every year and more than 700,000 receive antirabies 
vaccine. Human rahies can he checked by control 
nf rabies in domestic animals, by registration, 
licensing and vaccination of pets and destruction of 
stray animals. With the dog population in India 
estimated as over 16 million, the problem is 
immense. However, rabies ears be eliminated only 
if the wild vectors Such as jackals and foxes, and 
the reservoir mustelids and vivertids are controlled. 
Rabies has been eliminated from islands like Britain 
and Japan by rigid quarantine. Australia which has 


Table S&.2 Lyssevltus s*ro-genolyp« 


Genotype/ 

Serotype Virus 

1 Rabies 

2 Lagos bat/ Natal bat 

3 Mokoh 

4 Duvtnhage 

5 European bat Eyssavirus: 

Type! 

6 European bat lyssavirusi 

Type 11 

7 Australian bat Lyssavirus: 


Isolated from 

Winn blooded animals 
Bat/cat 

Sh rew/cat/dog/human 

H umaft/bat 
Bat/human. 

Bat/human 

Bat/hum an 


Distribution 

Worldwide with few exceptions 
Nigcria/Cmtral and SouthAfrica 
Nigeria/other African countries 
Sreuth Africa 


Europe 

Australia 
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no native mustdSd nr vivemd population ha& no 
rabies. Eradication of rabies from countries like 
Indi a with abundant wildlife may not be practicable. 

RABIES RELATED VIRUSES 

The genus Lyssa virus consists of the rabies vims 
and other serologically related viruses. Lyssavimses 
have been classified into seven serotypes. 

1. Rabies virus is classified as Ljwtuftij serotype 1 

2. The Lagos bat virus, classified as Lyssavirus 
serotype 2, was isolated in 1956 from the pooled 
brains of fragivomus bats from Lagos Island, 
Nigeria, It causes a rabies-like illness following 
intracerebral inoculation. Negri bodies are found 
in infected monkey brain but not in mice or dogs. 

3. The MokoLa virus, first isolated in 19*68 from 
shrews captured near Ibadan, Nigeria, has later 
been found in many wild and domestic animals 
in Africa, It was also recovered from two 
children with central nervous system disease, 
one of whom died. A case of Laboratory infection 
with die virus occurred in a person possessing 
high titles of antibody to the rabies virus. It is 
classified as Lyssivims serotype 3. 

4. The Duvenhage vim* wan reported in J 971 from 
the brain of a man who died in South Africa of 


clinical rabies after being bitten by a bat. It is 
classified as Lyssavirus serotype 4. 

5, 6, Rabies-like viruses isolated from European 
bats have been classified into two groups: 
European bat lysssvirus types 1 and 2. They can 
infect humans, as was found in the UK in 2002, 
when a wildlife worker fell ill with ‘rabies’ and 
died, This was the first 'rabies 1 death in the UK 
in a century. 

7. Australia was considered free of rabies and 
related viruses till 1996, when a lyssa virus was 
isolated from a trugivoious hat. Since then a 
number oi similar isolates have been obtained 
from different types of bats in Australia, Fatal 
infections have occurred in persons having 
contact with hats. The virus antibody is widely 
prevalent among Australian bats which appear 
to be carriers. The virus, named dustnltjui 1 m f 
Ipsavims is closely related to, but distinct from 
the rabies virus. Aiitirahic vaccine and serum 
appear to protect against experimental infection. 
The relevance of rabies related viruses in human 
disease is not clear, though some of them have 
caused illness and death in humans. They are 
considered to represent a biological bridge between 
the rabies virus and other riubdiwinists. 
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Hepatitis Viruses 


The Derm ‘viral hepatitis' refers. Dp a primary miedtion 
of the liver by any one of a heterogeneous group of 
‘hepatitis viruses’* winch currently consists of types 
/V B* C* D* E and G. (The designation ‘type F had 

been proposed for a putative virus believed Do cause 
transfusion-a5SH--Kiatcdhcp^titN5 1 distinct from type 
A to E. But it proved to be a mutant (HBjO of’type 
B virus and not a separate entity, Type F was 
therefore deleted from the list of hepatitis viruses.} 

Hepatitis virtues ate taxo-noim tally unrelated. 
Except for type R which is a DMA virus all the 
others aic RNA viruses, The features common to 
them are their hepatotropiam and ability to cause a 
similar icteric illness, ranging in severity' from the 
unappanent to the fulminant fatal forms. 

As all types of hepatitis, viruses cause a clinically 
indistinguishable acute illness, their differentiation 
is based on their serological and molecular markers, 
E Eeparitis may occu r incidentally during many other 
viral infections, such as with yellow fever* Lassa 
fever, Marburg, EB* cytomegalo, herpes simplex* 
variedEa zoster, measles, rubella or coxsackic 
viruses. These arc not included in the category of 
viral hepatitis. 

By epidemiological and clinical criteria, two 
types of viral hepatitis had been recognised for long. 
One type occurred sporadically or as epidemics, 

affecting mainlv children and young adults, and 
transmitted by the fecal-oral mute. This was called 
injective or aa&ctwu? hepatitis, later termed type 
A hepatitis. A second type of viral hepatitis, 
transmitted mainly by inoculation was originally 
observed in persons receiving serum inoculation 
or blood transfusion, This had been given various 


names such as homuiogous scrum Jaundice* serum 
he/wtitis (because of its association with human or 
homologous antisera so commonly used for 
prophylaxis or therapy early in the twentieth 
century') and transtusion hepatitis. It was later called 

type B hepatitis. 

Far a rime it was believed that all viral hepatitis 
was caused by either of the two hepatitis viruses, 
type A accounting for all infectious hepatitis and 
type B for all post- transfusion or serum hepatitis. 
However, with the development of techniques for 
identifying type A and type B viruses, it became 
apparent that in many cases of infectious and post- 
transfusion hepatitis no evidence could he found of 
infection with either type A or B viruses, It therefore 
became evident that the clinical syndrome of type 
A or B hepatitis could also be caused by one or 
more other unchaiactcrlsed viruses. The term non- 
A non-B hepatitis was applied to this group, Soon 
a type C virus was identified as causing many 
transfusion-associated hepatitis cases, A defective 
vims which depends an the helper functions of type 
B virus was called delta or type D hepatitis vimscs, 
Yet another type of hepatitis transmitted by the fecal- 
ora! route, prevalent mostly in the developing 
nations was fbu nd to be caused by' hepatitis E vims, 
The sixth member of the group, hepatitis G virus 
can also cause hepatitis, hut its role has. not yet 
been adequately understood. 

TYPE A HEPATITIS 

Type A hepatitis (infectious hepatitis) is a subacute 
disease of global distribution, affecting mainly 
children and young adults- 
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third of'the world's population is estimated to be 
have been infected by hepatitis B virus (HBV). 
About a quarter of them heeocne HRV carriers. A 
quarter of these develop serious liver disease, 
including chronic hepatitis* cirrhosis and primary 
hepatic cancet. As there is an effective vaccine 
against HBV, hepatocellular carcinoma becomes 
the only human cancer which is vacctne- 

preventable, The WHO estimates that HBV 
Infection causes more than a million deaths a year 
worldwide. 

Clinical features: The incubation period is 
long* about 1-6 months. The clinical picture of 
hepatitis R is simliar to that of type A* but it tends 
to be more severe and protracted. The onset is 
insidious and fever is not prominent. Extrahepadc 
complications I i ke arthralgia, urticaria and rarclv 
polyarteritis or glomerulonephritis may occur. 
These are ascribed to circulating immune complexes 
containing the viral surface antigen. 

About 90-95 per cent of adults with acute 
hepatitis B infection recover wi thin 1-2 months of 
onset and eliminate the virus from the body within 
abour six months, remaining immune thereafter. 
Mortality is about 0.5 to 2 per cent* but may be 
more in post-transhisioni cases. About 1 pet cent of 
patients, particularly those having simultaneous 
delta VlfULS infection develop fatal fllurninant 
hepatitis. 

A proportion of cases [1-10 per cent) remain 
chronically infected- They may be asymptomatic 
carriers or may progress to recurrent or chronic 
liver disease or cirrhosis. A few of them may develop 
hepatocellular carcinoma after many decades. 

The pathogenesis of hepatitis appears to be 
immune mediated. H rpatocytes cany vital antigens 
and are subject to antibody-dependent NK cell and 
cytotoxic T cell attack. In the absence of adequate 
immune response, HBV infection may not cause 
hepatitis, but may lead bo carrier state. Therefore 
infants and imraunodcficicnt persons are more 
likely to become asymptomatic carriers following 
infection. 


Hermit is It virus fHBVk HRV is a 42 nm 
DNA virus with an outer envelope and an inner 
eon.%27 nm in diameter, enclosing the viral genome 
and a DN A polymerase (Fig 59,2), Because of its 
unique features. HBV is aligned to a separate 
family Hvpadnaviridae (hepatotnopLC DNA viruses), 
which consists of two genera, Orthohepzdtt avirus 
containing HBV as welt as the Woodchuck and 
ground squirrel hepatitis viruses, and 
Awj’lCjCJatJrJawms containing the Pekin duck and 
grey heron hepatitis viruses. HRV is Hcpjiinxvirus 
type 1. 

The discovery of HBV was serendipitous. In 
1965, Blum berg, studying human -cnim lipoprotein 
allotypes, observed in the serum of an Australian 
aborigine, a new antigen which gave a clearly 
defined line of precipitation with sem from two 
hemophiliacs who had received multiple blood 
transfusions. I ilia was-flamed the Au^fra/fa anhgr/i. 
By 1969 the 'Australia antigen' was found to be 
associated with serum hepatitis. It was suh'-etyaendy 
shown to be the surface component of HBV, 
Therefore the name Australia antigen wa^ changed 
to hepatitis B ■ur/.rcL' .intspvn [HBsAg). 


. Erw«**w i HHaAg:. 

C(>H 



fig. 59,2 Hepatitis 0 virus structure 
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Under the electron microscope, Hera from type 
li hepatitis patients show three types of particles 
{Figs, 59.3, 59,4). The most abundant form is a 

spherical particle, 21 nm in diameter. The second 
type of particle is filamentous or tubular with a 
diameter of 22 nm and of vanring length. These 
two particles arc antigemeally identical and are 
surface components of HBV (HBsAg) which are 
produced m great excess. The third type of particle, 
tar fewer in number. Is a double walled spherical 
structure,, 42 nm in diameter, This panicle is the 
Complete hepatitis B virus. It was first described by 
Dane in 1970 and so is known as the Danepurtu/e. 

The envelope proteins expressed on the surface 
of the virion and the surplus 22 nm diameter 
spherical and filamentous particles constitute the 
hepatitis R surface antigen. HBsAg consists of two 
major polypeptides, one of which is glycosylated, 

HBsAg exhibits antigenic diversity, it contains 
two different antigenic components - the common 
gfuUp reactive antigen a, and two pairs nf tvpc 
specific antigens d-yand iv-r, only one member of 
each pair being present at a time, HBsAg can thus 
be divided into tour major antigenic subtypes: xdiv, 
atir, Jnv and jit. The subtypes do not seem to be 
important in immunity because of the dominant 
antigen a shared by all. The subtypes breed true, 
and the index Case and contacts in an outbreaks 
have the same subtype, They show a distinct 
geographical distribution. Subtype aywis common 
from West Asia through the Middle Bast, to 
Western and Northern India; adw is common in 
Europe, Australia and the Americas; adr ss 
]'rt; v.iknl in SoLilli jud F,.a-f Lndi.i .liuJ tliei Kir Elist; 
Ayr is very rare. A number of other surface antigenic 
reactivities, (a, x, f, t,j r n, g) have been reported, but 
rot adequately studied. 

Mild detergent treatment disrupts the viral 
envelope and exposes the Core or n udcocaps id. The 
Antigen expressed on the core is called the hepatitis 
B cure antigen (HBcAg). A third antigen called 
the hepatitis W c antigen {HBeAg) is a soluble 
nortpafticulalr nuclcocapsid protein. HBcAg and 



Fig. 59.3 Dillerenl types ol particles SM-n tn serum 
of pstienl with type & hepatitis : A. Spherical 22 
nm pamcio 8. Double shelled 42 nm particle (Dane 
panicle). C Tubular 22 nm particle. 



Fig. 59.4 Etecir&n micrograph ol HBV-Poeied ptasms 
fl 1 4.000) iCouncsy: National Insiliuie ol Virology, 
Pune) 

f iBcAg, though inummoiogicallv' distinct,, are coded 
lor by tbe same gene. 

The nucEcocap&id encloses the viral genome 
consisting of two linear strands of DNA held in a 
circular coriiigufiLTiuii. Out i?i Ulc s-irLimiji (ihe p!u:s 
strand) is incomplete, so that rhe DNA appears 
partially double stranded .mil partially single 
stranded- Associated with the pius strand is. a viral 
DjV,4 po/ymerase, which has both DNA-dcpendcnt 
DNA polymerase and RNA-dependent reverse 
transcriptase functions. This polymerase can repair 
the gap in the plus strand and render the genome 
fully double stranded (Fig- 59.5). 

The genome has a compact structure with four 
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overlapping pines. The S gene codes for the surface 
antigen. It consists of the S region and two Pre-S 
regions, Pre-S^. and Pre-Si. The protein coded for 
by the 5> region is called the S or major protein. 
Wlieo translation begins from the Prc-S2 region, 
the M or middle protein is formed. When the entire 
gene from Pre-Si is translated, the L or large 
protein results. The L protein 3s present only in 
the virion, while the M and S proteins arc found 
in the circulating HBsAg particles also. 

The C gene has two regions, C and Prc-C. 
When the C region alone is translated, the core 
antigen (HBcAg) is formed. HBcAg is assembled 
as the nudeocipsid core particles. It is not secreted 
and does rot circulate in blood, hut can he 
demonstrated in hepatocytcs by immuno¬ 
fluorescence. Antibodies to HRc, both IgM and 
IgG appear in blood. IgG antibody to HBcAg 
persists in blood tong after all other serological 
markers have disappeared and so provides a useful 
marker of prior infection with HBV. If translation 
begins from the Prc-C region, the resulting protein 
is HBcAg, a non particulate soluble antigen 
possessing a signal protein which enables it CO be 
secreted, It is therefore present in circulation.The 
presence of HEe.Ag in blood provides a convenient 
and readily detectable marker pi HBV replication 
and high infcctivity, 

The P gene is the largest and codes for the DNA 
polymerase enzyme-The X gene codes for a small 
nonparrlculate protein (HBxAg), which has 
transactivatirg effects on both viral and some 
cellular genes. This leads to enhanced replication 
of HBV, as well as of some other viruses, such as 
the human immunodeficiency virus. HBxAg and 
Its antibody are present in patients with severe 
chronic hepatitis and hepatocellular carcinoma. 

A few cases of infection by mutant viruses have 
been identified. Two types of mutations have been 
studied. One type, initially identified in 
Mediterranean countries, presents as severe chronic 
hepatitis, caused by pre-core mutants unable to 
synthesise JIBeAg. Those infected with precore 



59.5 HBV genes and gene products 


Genes Regions 


Gene products 


P 

X 


MiddlqWoteLniM) 1 HBsAg 
Large protein (L) J 


S* Pre-32 

S+Ptie’SlfleS2 Large protein 
C HbcAg 

C+Pre-C HbcAg 

DNA polymerase 
HBxAg 


mutants may he positive for anti-HBe and anti- 
HBc. The second group of so-called 'escape 
mutants' have been seen in some infants bom 10 
HBcAg positive mothers, and in liver transplant 
recipients who had received combined 
immunisation with anti-JIBV immunoglobulin and 
vaccine. They show mutadon in the common a 
determinant of HBsAg, preventing them from 
being neutralised by anti-HBaAg an tibody. If such 
mutants become more common, they may pose 
problems in hepatitis U prophylaxis. 

HBV replicates within hrpatocytes. Viml DNA 
exists in the hcpatocytc nucleus in the free 
ejctrachromosomaJ state or integrated wi th the cell 
chromosome. Replication resembles that seen in 
retroviruses, in that DNA is synthesised from an 
RNA template by reverse transcription, 

HBV D NA and protein have also been identified 
in extrahepatic sites such as bone marrow, spleen, 
lymph nodes and circulating lymphocytes, but 
apparently no damage is produced in these locations.. 
The significance of this extrahepatk presence is 
not understood. 
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of the high cost of imported vaccine. Now that the 
vaccine is manufactured in India, and is available 
at lower tost, it should be possible to include this 
in the national immunisation schedule. 
Laboratory diagnosis: Specific diagnosis of 

hepatitis E rests on the serological demonstration, 
of the viral markers- If is therefore necessary to 
understand the sequence of their appearance in 
blood (Fig. 5V.6). 

HRsAg is the first marker to appear in hlood 
after i n lection, being detectable even before elevation 
of rratisaminascs and onset of clinical illness. It 
remains in circulation throughout the icteric or 
symptomatic course of dbe disease. In the typical 
case. It disappears within about 2 months of the 
start of clinical disease, but may sometimes last for 
6 months and even beyond. When it is no longer 
detectable, its antibody, anti-1 IBs appears and 
remains for very long period*. Anii-HRs is the 
protective antibody; 

HRcAg is not demonstrable in circulation 
because it is enclosed within the HBsAg coat, hut 


its anribodv, anti-HBc appears in serum a week or 
two after the appearance of HBaAg. It is therefore 
the earliest antibody marker to be seer in blood, 
long before ami-1 JBe or anti-IIBs. As anti-HBc 
remains lifelong, it serves as a useful indicator of 
prior infection with HBV, even after all the other 
viral markers hecome undetectable. Initially, anti- 
FI Be is predominantly IgM n but after about 6 
months,, it is mainly IgG. Selective tests for IgM 
or IgG anti-HBc therefore enable distinction 
between recent or remote infection respectively. 

HBcAg appears in blood concurrently with 
HBsAg, or soon afterwards. Circulating HBeAg 
is an indicator of active inirahepatic viral replication, 
and the presence in blood of DNA polymerase, 
HBV DNA and virions, reflecting high infectivity, 
The disappearance of HBeAg coincides with the 
fait of transminase levels in blood. It is followed by 
the appearance of anti-BRe, 

For the diagnosis of HBV infection, detection 
of HB&Ag in blood is all that ordinarily necessary. 
The simultaneous presence of IgM anti-HBc 
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indicates recent infection and the presence of IgG 
anti-HBe remote infection. Occasionally, when the 
level ofHB&Ag is too low to be detectable, diagnosis 
has to be made by testing for IgM anti-HBc. 

HBeAg provides information about relative 
iinfectiviry. Its presence denotes high mfecfrvity and 
iis absence, along with, the presence of anti-HBe, 
indicates lowinitcdvity, As it is invariably present 
during acute hepatitis, is testing is indicated only 
in chronic infection and carriers,. 

The presence of aoti-HBs without any other 
serological virus mar her indicates immunity 
following vaccination, Table 59.1 shows the 
interpretation of various serological patterns in 
hepatitis B, 

Like HBeAg, HBV DNA is also an indicator 
of viral replication, and infcctivity. Molecular 
methods such as DNAiDNA hybridisation and 
PGR, at present used for HBV DNA testing are 
highly sensitive and .quantitative, HBV DNA level 
in serum reflects the degree of viral replication in 
the liver and so helps to assess the progress of 
patients with chronic hepatitis under antiviral 
chemotherapy. 

PtophyluxiiK General prophylaxis consists in 
avoiding risky practices like promiscuous sex, 
injectable drug abuse and direct or indirect contact 
with blood, semen or other body fluids of patients 
and carriers. Health education, use of the disposable 
syringes and needles, screening of blood, semen and 
organ donors, have all helped to ail extent, but these 
alone cannot eliminate the risk altogether, 
particularly in the developing countries. The only 
certain method appears to he universal 
immunisation. 

Both passive and active methods of 
immunisation are available. Hyperimmune hepatitis 
B immune globulin (HBIG) prepared from human 
volunteers with high title anti-HBs, administered 
IM in a dose of 300-500 i.u, soon after exposure to 
infection constitutes passive immunisation. It may 
not prevent infection, but protects against illness 
and the carrier state. 


Active immunisation is more effective. The first 
vaccine introduced in 1982, was prepared from 
pooled plasma of healthy human carriers with high 

level antigenemia. The 22 nm HBsAg particles 
separated by ultrace ntrifiiganon were treated with 
proteinase, urea and formaldehyde and used m the 
vaccine. This was immunogenic, but became 
unacceptable because its source was human 
plasma, limited in availability and not totally free 
from possible risk of unknown pathogens. It 
continues to he used in some countries because it is 
cheaper. 

The currently preferred vaccine is genetically 
engineered by cloning the S gene of HBV in baker's 
yeast. It consists of nonglycosyiated HBsAg particles 
alone. It is given with alum adjuvant, IM into the 
deltoid or, in infants into the anterolateral aspect of 
the thigh, Gluteal injection is not recommended as 
it may result in poor immune response.Three doses 
given at 0 t 1 and 6 months constitute the full course. 
Seroconversion occurs in about 90 per cent of the 
vaedmees, A special vaccine containing all antigenic 
components of HBsAg (Pre-Si, Pre-S2 and S) has 
been developed, which gives greater snemcottveraion, 
Sercon version can be checked by testing for anti- 
His which is usually detectable for about 5 years. 
Clinical protection is believed to last much longer, 
Booster doses are needed only for those at high 
risk, 

For nonimmune persons exposed to HBVj 
combined immunisation is recommended. For 
babies bom to carrier mothers, a single injection of 
0,5 mi of HBIG given IM immediately after birth, 
is followed by the full course ofvaccine at a different 
anatomical site, the first dose being given within 
12 hours of birth. When HBIG is not available, 
the vaccine given alone has been reported to provide 
protection. 

Treatment: No specific antiviral treatment is 
available for acute HBV infection. Interferon alpha, 
alone or in combination with, other antiviral agents 
such as kmivudine and famcyclovir, has been 
beneficial m some cases of chronic hepatitis. There 
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is no effective treatment fur the carrier State, though 
spontaneous resolution takes place in some of 
them, 

TYPE C HEPATITIS 

Attempts to identify the group of'non-A nou¬ 
s' viruses by experimental infection in chimpanzees 
led to the discovery of hepatitis c Virus (HCV). It 
is now the commonest cause of past-transfusion 
hepatitis in the developed countries. 

Clinical features: The incubation period is 
long* 1,5-160 days, with a mean of 50 days. The 
acute illness is usually mild or anicteric. Overt 
jaundice is seen in about 5 per cent of patients only. 
The important part in type C hepatitis is the chronic 
illness-. About 50 to SO per tent of patients progress 
to chronic hepatitis, with some developing cirrhosis 
and hepatocellular carcinoma. 

Epidemiology; HCV infection is seen only in 
humans. The source of infection is the large number 
of carriers, estimated to be about 200 million 
worldwide- In general the epidemiology resembles 
chat of hepatitis B. 

Infection is mainly by blood transfusion and 
other modes of contact with infected blood or blood 
products. Injectable drug abusers, transplant 
recipients and immunocompromised persons are at 


high risk, Sexual transmission is probably less 
important. Vertical transmission from mother to 
baby may take place. 

The infection occurs throughout the world, with 
carrier rates varying from 1-20 per cent. HCV 
infection is prevalent in India too, with an estimated 
12.5 million cases- A quarter of all chronic hepatitis 
eases in India is believed to be due to HCV 
infection. 

Hepatitis C virus (HCV)t The virus has 
not been grown in culture, bur has been cloned in 
Escherichia coli. HCV is a 50—60 inn virus with a 
linear single stranded ftNA genome, enclosed 
within a core and surrounded by an envelope, 
Carrying glycoprotein spikes. HCV resembles 
ftavivimscs in structure and organisation, and has 
been classified as a new genus Hepacirims in the 
family Ftsmviridae, 

The virus shows considerable genetic and 
antigenic diversity. At least six different genotypes 
and many subtypes have been identified, indicating 
high mutability. Some genotypes are seen 
worldwide, while other? arc localised. Because of 
this diversity there is little heterologous or even 
homologous pcado&ction immunity in hepatitis C. 
Laboratory diagnosis: The standard method 
of diagnosis is antibody detection by ELISA. The 


Table 59.1 Interpretation of com mom serological patterns in HBV infection 


Virus/Antibody Murker* 


Intoprcnricn 

HBsAg IIBeAg a nti-HBc 

unti-HBs 

uati-HBe 

+ + IgM 

- 

- 

Acute HE V infection: highly infectious 

* + IeG 



Lare/chronk HBV infection or carrier state; 
highly infectious 

* - IgG 


*/- 

Latc/chrofuc HBV infection or carrier state;, 
low infcctivity 

■ */-■ IgM 

“ 


Seen rarely in early acute 11BV infection; ■ 

infectious 

I g G 



Remote HBV infceaon; infcctivity nil or 
very low 

ar _ 

+ 

“■ 

Immunity following HBV vaccine 
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antigens used are various structural and non- 

structural proteins cloned in E, evil There have 
been three successive generations of such antigens, 
introduced to improve sensitivity and specificity of 
serological diagnosis. Even the third generation 
ELISA currently in use, employing NS-5 region 
protein and synthetic peptides becomes positive only 
months after the infection and shows nonspecific 
reactions. Confirmation, by immunoblot assay is 
therefore recommended. In HCV infection 
antibodies appear irregularly and late, limiting their 
diagnostic utility. 

Identification of HCV RNA in blood provides 
more sensitive and specific results within a tew dap 
of exposure to HCV. Molecular methods like PCR 
and branched DNA assay are employed for the 
purpose. 

Prophylaxis: Only general prophylaxis, such 
as blood screening, is possible, No specific active 
or passive immunising agent is available. 
Treatment: Prolonged treatment with interferon 
alpha, either alone or in combination with antiviral 
agents like ribavirin has been reported to be useful 
in some cases. 

TYPE 0 (DELTA) HEPATITIS 

In 1977, Rjrgssetto and colleagues in Italy identified 
a new viral antigen in the liver cell nuclei of patients 
infected with, hepatitis B virus.This lias been shown 
to be due to the hepatotropic virus Delia or 
Hepatitis D Virus (HDV). Delta is a defective 
RNA virus dependent on the helper function of 
HBV for its replication and expression. Therefore, 
it haft no independent existence and can survive, and 
replicate only as long as HBV infection persists in 
the host, 

HDV is a Spherical, 36 urn panicle with an 
outer coat composed of the hepatitis B surface 
antigen surrounding the circular single stranded 
.RNA genome. Though it resembles some plant 
viruses, such a* vlroids or satellite viruses, it has 
been proposed la be classified in a new genus 
iMawti!, because of its special features. 


Its mode of transmission is the same as for HBV. 
Two types of infection are recognised, coinfection 
and supemafecfioji. In coinfection, delta and HBV 
arc transmitted together at the same time. In 
superinfcctian. delta infection occurs in a person, 
already harbouring HBV, Coinfection clinically 
presents as acute hepatitis B, ranging from mild go 
fulminant disease. Superinlection usually leads to 
more serious and chronic illness, with deterioration 
of the underlying HBV infection. No association 
has been noted between HDV and. hepatocellular 
carcinoma. 

Delta antigen is primarily expressed in liver celt 
nuclei, where it can be demonstrated by 
immunofluorescence. It is only occasionally present 
in scrum. Anti-delta antibodies appear in serum 
and can be identified by ELISA.The IgM antibody 
appears 2-3 weeks after infection and is soon, 
replaced by the IgG antibody in acute delta i n fection, 
However, in chronic infection, the IgM antibody 
persists for years. Delta RNA sequences, have been 
cloned and DNA probes have been developed for 
the rapid identification of delta particles in 
circulation. The woodchuck has been found to be 
t suitable experimental model for the study of HDV 
infection. 

HDV is distributed worldwide but is more 
common m certain endemic areas. In the 
Mediterranean countries, where it is endemic, 
infection is spread commonly by nonpcirutancous 
mutes, cspccialy by close personal contact, In foe 
noncndemic areas, such as Northern Europe and 
North America, infection is more often through 
blood and blood products and is commonly seen in 
drug addicts and hemophiliacs. Introduction of 
HDV into nonendemk- areas where HBV infection 
is common may lead, to outbreaks of severe hepatitis 
with high mortality. 

No specific prophylaxis exists, but immunisation 
with the HBV vaccine is effective as HDV cannot 
infect persons immune to HBV, Screening of blood 
donors for HB&Ag automatically limits blood borne 
HDV infection. 
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PAPOV A'VIRUSES 

The term ‘Papova’ is a sigla indicating the names 
□i viruses included in this group; papilloma vims 
of human beings and rabbits, polyvma vires of mice 
and vacuolating vims of monkeys. The family 
Papovaviridac has two genera - Pbtyomxvirvs 
which contains the simian vacuolating virus {SV 
40 ;■ and polyp m aviruses, and Papillomavirus 
containing human and animal papilloma viruses. 

They are smaU f nonenveloped, icosahcdral DNA 
tumour viruses. Most of the naturally occurring 
papovavirus tumours are benign, but some such as 
rabbit papilloma are potentially malignant. Polyoma 
and the vacuolating virus SV 4D produce malignant 
tumours when inoculated into newborn mice or 
hamsters. These viruses have been widely employed 
in the study of viral oncogenesis. 

Polyoma virus often causes latent infection in 
laboratory mice. However, when inoculated into 
newborn mice, k produces a wide variety of 
malignant tumours:. Hence the name polyoma. 

The simian vacuolating vims (SV 40) was isolated 
from uninoculaced rhesus and cynomolgus monkey 
kidney tissue cultures. Hie virus did not produce any 
cytnpathic effects in the original cultures but when 
fluid from such cultures was inoculated into kidney' 
cell cultures from other simian species (African green 
or grlver monkey), cyropathic effects occurred, 
consisting of prominent cytoplasmic vacuolation. SV 
40 is oncogenic in newborn hamsters, Its only medical 
importance is that because of its oncogenic potential, 
live viral vaccines should be manufactured only in 
monkey kidney tissue cultures lusted and found free 
from SV 40 infection. 


Papillomaviruses are species specific and infect 
squamous epirhelia and mucous membranes, 
inducing different types of warn or papillomata in 
their hosts. Human papillomavirus {HPV) infects 
only humans and grows only in organ cultures of 
human skin. Over 70 types of HPV have been 
recognised based on genetic homology. There is 
correlation between tine vims type and the type of 
lesion produced. Common warts (verruca vulgaris) 
usually found on the hands and feet of children 
and adolescents are mostly caused by types 1, 2, 3 
and 4. Condyloma acuminatum or genital wart 
which is a more moist, soft, pedunculated wart 
found on the external genitalia ls usually due to 
types 6 and 11. This may be transmitted venereally 
and may occasionally turn malignant. There is a 
close association between specific HPV types and 
genital malignancies in both sexes. HPV types 6 
and 11 are associated with intraepithelial neoplasia, 
while HPV 16 and 18 are criologically related to 
more severe invasive malignancies such is uterine 
cervical Cancer Cofactors appear to he important 
in the induction of HPV associated malignancies. 

Human pxp«rit\HK have been isolated from 
a number of patients with impaired immunity. The 
JC virus was i sola fed in 1971 from the brain of a 
patient with Hodgkin's disease and progressive 
multifocal Icukocnccphatopathy (PML). isolation 
of similar strains from PML cases has been reported 
from the USA, UK and France. The jC virus grows 
only in human fetal glial cell cultures. It is 
oncogenic, producing malignant gliomas following 
intracerebral inoculation in newborn hamsters. 

Another human papovavirus is the BK virus h 
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Fig. 60,t Electron micrographs ol viruses associated with diarrhea (* £00.1X101 1. Rotavirus 2 . Adenovirus: 
3. Small round structured virus (M&rvialk-like calcivirusesi; 4. Coroeavlrus 
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coronavims' in memory of Dr Carlo Utbani who 
identified the new epidemic, initiated early steps 
for its control and died of it within a month! 

REOVIfllDAE 

The family Rcoviridac derives its name from the 
prototype virus wltich was known as the Respiratory 
Enteric Orphan virus, because it could be isolated 

frequently from the respiratory and enteric tracts, but 
was not assoeiared with any disease. Members of this 
family are double shelled icosahedral viruses, 5.5-57 
nm in diameter. The genome consists of double 
stranded RNA tn 10-12 pieces, a feature unique 
among animal viruses, They are nonenveloped and 
resistant to lipid solverus.The family contains three 
genera— Reonrrn, Orfrmrus and Rotavirvs, 

REOVIRUS 

The genus Ri-nvirus, contains three mammalian 
serotypes (Keovims types 1 ,2 and 3) which possess 


a common complement-filing antigen but can be 
differentiated by neutralisation tests, Reoviruses 
agglutinate human erythrocytes. Hemagglutination 
is type specific and is neutralised by the specific 
antibody, Reoviruses have not been proved to cause 
any human disease. 

ORBIVWUS 

These have a double shell in which the outer layer 
is fuzzy and indistinct,. Tire inner layer has 32 ring 
shaped capsomers. The name orhivirus is derived 
from urhi, in Latin, meaning ring. Orbiviruses 
multiply in insects and rertebrates thus qualifying 
as arboviruses. They are responsible for veterinary 
discas.es sUclt as African hutse sickness and blue 
tongue. The only known orbivi rus infection ot’ 
human beings is Colorado tick fever. 

RraTA\ IHt S 

These double walled viruses present a characteristic 
appearance under the electron microscope. 



Fig. 60,3 ■ SARS - associated cordnavirus [diagrammatic representation! i Envelope: 2 RNA 3. Rucleocapsld 
nircteoprulein. 4. spike glycoprultm 5, Hafliagglutmlu-acetyi e&Leraw glycoprotein; 6. small envelope 
glycoprotein; 7. membrane glycoprotein, 
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Rotavirus vaccines have been developed, but are 
imt in use now. 

OTHER VIRUSES CAUSING DIARRHEA 

Besides rotaviruses, the falknriiig viruses are known 
or suspected to cause diarrhea] disease: 

Norwalk virus: A 27 nm virus was shown m 
be responsible for an epidemic of gastroenteritis 
affecting school children and teachers in Norwalk, 
Ohio* in 1972. The virus induced diarrhea in 
human volunteers. Serological surveys have 
shown that infection with Norwalk virus is 
widespread in many countries. Extensive epidemics 
of Norwalk virus diarrhea associated with 
consumption of raw oysters have been reported from 
Australia and America. It appears to be an important 
cause of diarrhea in adults and children. 

The vims can be demonstrated in feces hy electron 
microscopy. Antibody to the virus can be detected by 
immune electron microscopy and radioimmunoassay 
U lias not yet been propagated in cell cultures. Little 
is known about the properties of the ■virus. It baa been 
included in the family CaJrcjvmdae consisting of 
small round RNA viruses, 22-30 nm in si'rf, many 
of which have heen reported from diarrheal feces. 
The name calicivirus. is derived from the presence 
of 32 cup shaped depressions on the virus surface 

(from caJrar, meaning cup). 

Adenovirus: Several outbreaks of diarrhea in 
children have been associated with the presence 
of huge numbers of adenoviruses in feces. These 


adenoviruses can be only grown with difficulty in tissue 
culture. They have been designated types 40 and 41, 
Adenovirus ai®uciaied dunhoea has been seen more 
often in summer months. 

Aslmvirus: These star shaped, 2El nm isometric 
particles have heen associated with some epidemics 
of diarrhea in children. Similar viruses have also 
been identified in lamb and calf diarrhea. 

CoronaviruK These are well established causes 
of acute diarrhea in calves, piglets and dogs. They 
have been observed in human feces also but their 
relation to diarrhea is uncertain. 

Hcndra and Nipah viruses: Two new 
zoonotic viruses, closely related but distinct are 
Hendia (1994) and Nipah (1999) viruses named 
after the pls.ee they were first isolated in, in 
Australia and Malaysia respectively. They have 
been classified under the family Panamyxowridae. 
They are prevalent in Australia and in Malaysia, 
Indonesia, Philippines and the Pacific Islands. 

Their natural hosts arc fiuit bats in which they 
cause silent infection. Symptomatic infection occurs 
in horses, pigs and many other domesticated wild 
animals. Human infection is usually subclinicil, but 
may be a flulike fever which may lead to fata! 
encephalitis, sometimes as outbreaks. Hendra virus 
outbreaks have been minor, but nipah virus has 
caused large outbreaks with case fatality rates of 
up to 50 per cent in persons in contact with pigs. 
Large scale slaughter of pig? had been undertaken 
in order to stop outbreaks. 
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Table 61.2 Usl cl oncogenic viruses 


RNA VIRUSES 

] .Retroviruses 1, Avian leukosis, viruses 

2. Murine leukosis viruses 
3-. Murine mammary 
rumour virus 

4 . I^eukiKiis-sareonia virus 
of various animals 

5. Human T cell leukemia 


DNA VIRUS Eli 

1 . Pa puvavi rus 


II, Poxvirus 


HI. Adenovirus 
TV, Herpesvirus 


vi ruses 


1. PapilkimaviruKS of 
human beings, rabbits 
and other animals 

2. Folvomairirus 

3. Simian virus 40 

4. BK and JV viruses 

1. McDutcum oont^poeum 

2. Yaba virus 

3. Shope fibroma 
Many human and 
nonhuman types 

1. Marek'v disease TOM 

2. Lucke’s frog tumourvirus 

3. Herpes virus pan. papiu, 
arelis and saimiri 


4. Epstein-Barr virus 

5. Herpes simplex virus 
types 1 und2 

6. Cytomegalovirus 

V. Hepirlns B and C 
viruses 


(Table 61.1), Transformation from normal to 
malignant cell Is a multistep process arid may be 
partial or complete. For example, some viral scents 
can 'immortalise' Infected cells, so that they become 
capable of continuous multiplication in culture, 
without possessing other features of malignancy. 
Transformation is recognised primarily by a change 
in morphology of cultured cells. Transformed cells 
arc altered in shape and lose the property of‘contact 
inhibition ! 1 h<j that, instead uf growing as monolayer, 
they grow piled up, one over another, forming 
‘microtumours'. Foc i of transformation can easily 
be made out and art used in tbe assay of oncogenic 
viruses, such as the Rous sarcoma virus. 

About a quarter of the 600 or so animal viruses 


possess oncogenic potential (Table 61.2). The 
viruses associated with cancers in human beings 

are shown in Table 61,3. Both RNA and DNA 
viruses are oncogenic. While all oncogenic RNA 
viruses (formerly Called oncornaviruses) belong to 
a single family (retrovirus), oncogenic viruses occur 
among all major groups of DNA viruses, except 
parvovirus. Retroviruses .arc responsible for naturally 
occurring leukemia and sarcoma in several species 
of animals. Among DNA viruses, some 
herpesviruses and hepadnaviruses cause malignant 
tumours in their natural hosts. 

ONCOGENIC DNA VIRUSES 

PaPOVAV lRUSES 

Papilloma viruses cause benign tumours in their 
natural hosts but sortie of diem (e.g., condyloma 
acuminatum in humans, rabbit papilloma) may turn 
malignant. The association between human 
papilloma virus (HPV) infection and cancer of 
cervix uteri, particularly HPV types 16 and IS has 
been established. The continuous cell line HcLa, 
derived many decades ago from a cervical 
carcinoma and used widely in various laboratories, 
has been found to contain HPV-IS DNA. In 
general, infectious virus particles cannot be 
demonstrated in tumours Induced by DNA viruses 
but papilloma in the wild cotton tail rabbit is an 
exception. Rabbit papilloma virus, or DNA 
extracted from it, can produce papilloma in rabbits 
following subcutaneous injection. 

The polyoma virus causes natural latent 
infection in laboratory and domestic mice. 
1 However, when injected into infant mice or other 
rodents, it inducts a wide variety of histologically 
diverse tumours. The virus can be cultivated in 
mouse embryo fibroblasts or baby hamster kidney 
cells, in which it induces transformation, The 
polyoma virus produces a hemagglutinin. 

The papovaviruses BK and JC, which cause 
widespread asymptomatic human infection, can 
induce tumours in immune-deficient subjects. 

Simian virus 40 (SV 40) was discovered in 
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Table 61.3 Viruses associated wilh human Cancer 


Vims family 

Vims 

Types' of cancer 

Papovaviridae 

Human papilloma virus 

Cervical, vulvar, penile cucm 

Squamous cell carcinoma 

HerpesvLridae 

E-B Virus 

Nasopharyngeal carcinoma 

African Bufkitrk Lymphoma 


H5V type 2 

R cdl Lymphoma, Cervical carcinoma 

HepadtuivirLJje 

Hepatitis B vims 

Hepatocellular card noma 

Flaviviridae 

Hepatitis C virus 


Retroviridace 

HTL viruE 

Adult "1* cell leukemia 


Ai>f>tovirub 


apparently normal monkey kidney cultures used for 
rhe production of the polio vaccine. It causes an 
in apparent infection in rhesus and cynnmolgus 
monkeys and does not cause cytupathic effects in 
cell cultures from such monkeys. However, when 
fluid From such cultures is Inoculated into renal 
cell cultures derived from African green monkeys, 
cytopathic change with prominent cytoplasmic 
vaeuolation results. Injection into newborn hamsters 
produces tumours. Transformation is induced in 
cultured cells from several species, including human 
cells. Millions of doses of ptolio vaccine prepared 
in monkey kidney cultures that may have harboured 
SV 40 virus had been used before the virus was 
discovered. These individuals have been followed 
up for over 25 years and no SV 40‘ielated tumours 
have been reported. There was considerable 
apprehension when the oncogenic effect of SV 40 
was discovered. However, there is rtO evidence that 
the injection of vaccine containing SV 40 has 
induced cancer in humans. 

Pox via i rs 

Three members of the poxvirus group induce 
benign rumours, rabbit fibroma, molluscum 
confagiosum and Yaba virus. The last causes 
naturally occurring benign histiocytomas in 
monkeys. It Is apparently transmitted by insects. 
Similar rumours can be induced experimentally in 
many species of primates. Including human beings. 
The tumours regress spontaneously in a few weeks, 
Nonpritnates are unsusceptible. 


Though some types (12, 19, 2 I) of human 
adenovirus- may produce sarcomas in newborn 
rodents after experimental inoculation, they do not 
appear to have any association with human cancer, 

HfiKPRSVIRUS 

Many herpesviruses have been associated with 
natural cancers in animals and humans. 

U- Meek's dlisc&K: This is a fatal contagious 
ncurolymphomatosis of chickens, No Infectious 
vims particle can be isolated From the lesions or 
seen under the electron microscope, However, sick 
birds shed large quantities of virus from their 
feather follicles. The virus is. a typical herpesvirus. 
March's, disease can He induced in young chicken 
by the injection of the virus. The virus grows well 
in chick embryo Fibroblasts producing cytopathic 
changes hut no evidence of transformation. March's 
disease can be prevented by a live aviruluir vaccine. 
This is tile first instance of a malignant disease 
being controlled by a viral vaccine. 

b. Locke's tumour of frogs*; A herpesvirus 
is considered to be the etiological agent of a renal 
adenocarcinoma in frogs. 

e. Herpesvirus laimiri: This virus was 
isolated from a culture of Squirrel monkey kidney 
cells. It causes fatal lymphoma or reticulum cell 
sarcoma when injected into owl, mnnkeys or 
rabbits. Herpesvirus saimiri infection has been 
suggested as a primate model for the study of 


Copyrighted material 







* Oncogenic Viruses ► 


577 


interactions between the EB virus and human 
beings. 

d, Hpstein-Barr virus: A htiptsvinis, called 
the Epstein-Barr V]rus 1 is found regularly in 
cultured lymphocytes irom Buriatt's lymphoma 
patients. In the body, the tumour cells contain no 
virus but cell linen established from them contain 
5-20 per cent of cells that produce the virus. The 
virus multiplies only in human lymphoid cell lints. 
Serological surveys show that infection with the 
virus is worldwide. Infection is usually 
asymptomatic. In young adults without pre-existing 
antibodies, EB virus infection induces infectious 
mononucleosis. Lymphoma is believed to occur 
when the infection takes place in children whose 
immune systems are compromised,, as for instance, 
by chronic malaria, EB virus associated lymphomas 
have been reported in transplant recipients. EBV 
has also been linked to nasopharyngeal carcinoma 
in the Chinese male population in southeast Asia 
and East Africa, 

Herpes simplex and oancur cervix: 
An association has been proposed between herpes 
simplex type 2 infection and cancer of the uterine 
cervix, though not proved. It lias also been suggested 
tbit herpes simplex type 1 infection may be 
associated with cancer of the lip. Herpesvirus 
type 8 has been linked to Kaposfs sarcoma. 

f. Cytomegalovirus infection has beer 
associated with carcinoma of the prostate and 
Kipusi sarcoma. 

Hepatitis U Virus 

HBV has been claimed to be directly or indirectly 
involved in the etiology of hepatocellular 
carcinoma. Studies in many countries have 
demonstrated an excess prevalence of markers of 
HBV infection in patients- with primary 
hepatocellular carcinoma as compared with 
matched controls or with the general population. 
Hepatitis C virus infection lias also been reported 
to lead to hepatocellular card noma. 


ONCOGENIC RNA VIRUSES 

Retrovirus 

Retroviruses are enveloped, spherical viruses that 
are released by budding through the host cell 
membrane. They arc approximately 100 nm in size. 
The genome Consists of two identical, linear, single 
stranded RNA molecules. The icosahedrat 
nucleocapsid core encloses the helical 
ribonucleoprorein Jn d it surrounded by an envelope 
composed of glycoprotein and lipid. 

The characteristic feature of retroviruses ls the 
presence within the virion of the unusual enzyme 
RNA dependent DNA polymerase or reverse 
transcriptase (hence the name retro, meaning 
reverse). Unlike the classical transcription of genetic 
information from DNA to RNA, the reverse 
transcriptase enzyme prepares a DNA copy of the 
retroviral RNA genome—initially an RNArDNA 
hybrid and then its double stranded DNA form. 
The double stranded DNA form of retroviral 
genome, called the pronrus, is integrated into the 
DNA of the infected host cell. It is from the pmvirus 
chat all retrovirus proteins are translated, Infection 
with oncogenic retroviruses does not lead to 
cyto lysis or death of infected cells but die provim-s 
remains integrated with the host cell DNA for the 
rest of the Life of the celL 

While all oncogenic RNA viruses belong to the 
family Reltaviridae, alt retroviruses are not 
oncogenic,The family Rcnroviridae is classified into 
three subfamilies. 

1, Oncovirijiae comprising all oncogenic RNA 
viruses (formerly culled oncornavirus). 

2. Spurn JVmnae Containing the nononcogenic 
'loamy viruses" (spums * foam) causing 
asymptomatic infection in several animal species, 
and presenting as contaminants of primary cell 
cultures in which they induce foamy degeneration. 

2. Lcnthmnx including the viruses causing ‘slow 
infections 1 (Ienm5= slow) in animals (sec chapter 
60), as well as the human and related animal 
immunodeficiency viruses (see chapter 62). 
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Retroviruses are widely distributed., being found 
in nearly all Vertebrates., including animals, birds 
and repriScs. Rased on the host range and types of 
disease caused, oncogenic retroviruses can be 
considered under the following groups: 

I. The Vvian 1 cukoris (htmplcv A group 
of antigenic ally related viruses which induce avian 
leukosis (lymphamatosis, myeloblastosis and 
erythroblastosis viruses) or sarcoma in fowls (Rous 
sarcoma virus, R5V). 

J Murirte I eu kosisi \ ii 1 ^ 1 : This group 
consists of several strains of murine leukemia and 
sarcoma viruses, named after the investigators who 
first described them (e.g. Gross, Friend, Moloney, 
Rauscher), 

v Vlummori tun tout virus ol in ice: This 
virus occurs in certain strains of mice having a high 
natural incidence of breast cancer, It used to be 
known as the 'milk factor’ or ‘Bittner virus'. It 
multiplies in the niammaty gland and is transmitted 
from mother to offspring through breast rililk. Mice 
can be infected by oral, subcutaneous or 
intraperitoneal routes. Mammary cancer occurs only 
in susceptible strains of mice, alter a Latent period 
of 6—12 months. 

4* Leukosiis-siirc'oniQ iiirustrs of other 
Iknirovds: A number of viruses have been isolated 
from leukosis and sarcomas in various species of 
animals - eat, hamster, rat, guinea pig and monkey. 
5* Hum mt T cell leak cm in 
{ly mpb-i itrnpic ) viruses: (HTTVJt 

Retroviruses named human T cell leukemia viruses 
were isolated In 1980 from cell cultures from adult 
patients with cutaneous T cell lymphoma (mycosis 
fungoides) and leukemia (Sezary syndrome] in the 
USA. Similar viruses have been isolated from 
patients with adult T cell leukemia in japan and 
the Caribbean. HTLV type I is present worldwide 
but the disease is limited to endemic areas. Besides 
adult T cell leukemia, HTLV-I has also been, 
associated with tropical spastic paraparesis, a 
de myelin sting disease. The virus preferentially 
infectsT4 (CD4) cells. Infected T cells express large 


quantities of interleukin-2 "[’he closely 

related HTLV-1I is also -■ - >■ i.i<■ with T cell 
malignancy. HTL.V infection is u ‘tube spread 
through blood transfusion and methods of 

transfer of leucocytes. 

Herat specificity: Retroviruses usually infect 
only one host species, the -pi-, hh m being 
conditioned mainly by the presents of viral receptors 
on the host celt surface, i icndi on their abiUly 
to grow in cells from different spd ics, retroviruses 
have been classified into (I) renin '[•> (multiplying 
in cells of native host species u:iv i; [?. !i.iph..i tropic 
(multiplying in cells of native n d t :n species); 
and (3) xenotropic (m■ Implying only in cells of 
foreign species but not of native host species). 
Virus ItrmsniisMon; Two ivpi of retrovirus 
transmission occur. Exogenous a row i run are 
spread horizontally. Most ‘inco ■ •.. retroviruses 
.ire exogenous. Endogenous c r. i arc 
transmitted vertically from parent to offspring, by 
the provirus integrated with (he germ line cell 
genome. The endogenous retrovirus provirus 
behaves tike a cellular gene md is subject to 



Fig. 6i.i Mouse iflammsaty cancer, stained with 

uranyi acetate end lead nitrate, melura 

budding B type virus (arrow) - inUecel tutor 

immalure A type virus (triple (* 150,00(1) 

(Courtesy: Cancer Research Miti Mumbai.) 
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Fig 61.2 Previrus genomic structure ol dlMerenl types of retroviruses 

A. Bwtv RtHWHU Avian leMlwntia viruses, dw transfnfmin^ viruses 

B. TfajiE-rcgulinng iftmrifiw*-*#. HTLV,HJV 

C. Acute transforming retrovirus oncogene re-pEairjng part of basic genome. Replication defective. 


regulatory control by the host cell- Endogenous 
retroviruses are usually silent and do not transform 
cells or cause any disease. I’hcy can be detected 
either by 'activation' after exposure to radiation or 
chemicals, or by nucleic acid hybridisation 
techniques. 

Resistance: Retroviruses are labile, being 
itiactivated at 56 IJ C in 50 minutes, by mild acids, 
ether and formalin. They are stable at -30 c, C. 
Antigens: Two types of antigens are present— 
the type specific glycoprotein antigens on the 
envelope, and the group specific nudcoprotcin 
antigens in the virion core. Cross-reactions do not 
occur between surface antigens of retroviruses from 
different host species. 

Genomic structure; Retroviruses have a 
relatively simple genomic -structure (Fig. 61.3). 

Thc provirus of a standard retrovirus (such as a 
nondcfcctive avian or murine leukemia virus) 
consists of th ree genes required (or virat replication 
- gag, pah and cw in .that order from the 5’ to 3* 
end. The gag gene codes for the nuclcoeapsid core 
proteins, which are group specific antigens (hence 


the name gag); the po! gene encodes the RNA 
dependent DNA polymerase; and the env gene 
encodes the envelope glycoproteins. Long terminal 
repeat (LTR) sequences are present at either end 
of the provirus and linked directly to the host DNA. 
The LTRs exert regulatory control on the provirus 
gene functions. 

Some retroviruses (iransrcgulating viruses) such 
as HTLV or HIV carry a fourth gene, teaf or taf, 
after the env gene. This is a transactivating gene 
that regulates the function of viral genes. 

The standard oncogenic retroviruses, such as 
chronic leukemia viruses, are slow transforming 
viruses, i.e., they have a How oncogenic potential 
and induce malignant change, generally only of 
blood cells, after a long latent period. They do not 
transform cultured cells. They are capable of 
replicating normally. In contrast, the a cure 
transforming viruses arc highly oncogenic and cause 
malignancy after a short latent period of weeks or 
months. They can cause different types of 
malignancies - sarcoma, carcinoma, leukemia - and 
also transform cells in culture. However, most acute 
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transforming viruses are unable to re plicate 
normally because they catty on their genome an 
additional gene, the viral oncogene ( V-onc gene) 
which replaces some of the genes essential Far viral 
replication. Such V-onc viruses can replicate only 
IF co-infected with a standard helper retrovirus. 
The Rous farcojna virus which carries the 
oncogenic s/r (pronounced "Sark') is Ac best known 
among acute transformingviruses bur it is different 
in being replication competent, that is, it can 
replicate normally because it posseses the full 
complement of gag t pol and me genomes. Most 
acute transforming viruses are replication defective, 

ONCOGENES 

Viral oncogenes (V-onc), commonly known as 
'cancer gene^.' are genes which encode proteins 
triggering transformation of normal cells into cancer 
cells. Oncogenes are not essential for the repli cation 
of the virus and mutants lacking them occur, which 
replicate normally without being oncogenic. 

Genes closely resembling viral oncogenes are 
found in normal as well as cancer cdls. Oncogenes, 
isolated from cancer cells are called cellular 
oncogenes (C~onc). Similar genes found in normal 
cells Aft called proto-oncogenes. They are not of 
vital origin. On che contrary viral oncogenes- appear 
» be of host cell origin. Cellular oncogenes contain 
introns characteristic of eukaryotic genes, whereas 
viral oncogenes do not. Apparently viral oncogenes 
originated at some distant past from proto- 
wncogcncs by recombination between retroviral and 
cellular genes. 

ProtO-OnCOgenes are widespread in vertebrates 
and metazoa—from human beings to fruitflics. 
They are well conserved in their genomes, 
suggesting that they .serve some essential functions 
in normal cells. They have been found to code for 
proteins involved in regulating cell growth and 
differentiation. The presumed functions of many 
oncogenes have been identified,. For example, the 
oncogene sic is related to tryiosine-specific protein 
kinases, sis to a platelet derived growth factor, and 


myc to DMA-binding proteins, all concerned with 
regulation of normal cell growth. 

A useful method for the study of oncogenes as 
transfection. Certain mouse fibroblast cell lines, such 
as N1H 3T3, can take up foreign DMA, incorporate 
them into their genome and express transaction. 
By this technique, DMA extracted from human 
tumour cells has been shown, to transform, 3T3 
cells, and such transforming genes have been shown 
to be identical with cellular oncogenes. 

A !VN - O \ < J (H«K IS K S 

A class of genes has been identified in normal 
retinoblastoma (Rb) gene, the loss of which is 
associated with the development of retinoblastoma 
in children. The p53 gene appears to be a tumour 
suppressor gene with a wide range of effects, 
Specific chromosomal deletions, recognised in 
association with certain types of human cancers may 
reflect the loss of tumour suppressor genes. 

Mechanisms oi Viral OttcocreftBS'ie 

While it .is known that oncogenic viruses are able 
to transform Cells in Culture and Induce tumours in 
animals, under natural or experimental conditions, 
the exact mechani sms of viral oncogenesis are not 
well understood. Malignancy is a stable heritable 
change and, as such, should be the result of a 
modification of the host cell genome. 

In the ease of oncogenic DMA viruses, the viral 
DMA (or a portion, of it) is integrated with the 
host cell genome. The viral DNA bei ng Incomplete 
Or 'defective*, no infectious virus is produced. 
However, under its influence, the host cell undergoes 
malignant transformation. A virus transformed 
cancer cell is in many ways analogous to a 
bacterium lysogenised by a defective phage. In both 
cases, the cell is not destroyed and no virus is 
produced, Acquisition of new characteristics by the 
transformed cell resembles lysogenic conversion in 
bacteria. 

1 n general, retroviruses induce tumours by two 
mechanisms—either by introducing into the 
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Table 6i-i* Same oncogenes' and their chromosomal locaHon in humane 


VrraJon rogenr 

Origin 

Nrrunl 

tumour 

Htunu gene 

Jocarfoo 

in human beings 

V-stc 

chicken 

Sarcoma 

C-src 

20 

V-FM 

rat 

Sarcoma 

C-:al 

11 

Vmyc 

chicken 

Leukemia 

C-tnyt 

8 

V-fct 

cat 

Sarcoma 

C-fes 

15 

V-sis 

monkey 

Sarcoma 

C-tis 

22 

V-mos 

mouse 

Sarcoma 

C-mos 

8 


" Oncogenes are three letter codes- from the animal or tumour from which they are derived, preceded by 

cither V- or C-, for viral or cellular gents respectively;, 

sre - sarcoma of chicken, ns# nt sarcoma, sis - simian sarcoma,. 


cellular genome a new transforming gene 
(oncogene) or by inducing or altering the expression 
of a pre-existing cellular gene. Several molecular 
mechanisms have beer suggested for the conversion 
of benign proto-oncogenes to cancer genes. The 
genes may get overexpressed and the overproduced 


gene product may lead to abnormal growth. 
Recombination between retroviral and cellular 
genes* promoter insertion chromosomal 
translocation* gene amplification and mutation axe 
some of the genetic processes relevant in this 
connection. 
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Fig, 6Z.1 Structure ol HIV fdlagrammallc representation]! 1, Envelope glycoprotein spike (gp 120), 
Z.Transmembrance pedicle glycoprotein fgp4i), 3. Outer ieosahedral shell of nuelwcapskd (pi 0), 1 Cone 
shaped core ol nucleooapsld (p24f, 5. Inner core, 6. Viral proteins. associated wllh RNA, 7, Viral RMA, 
0. Reverse iranscriplase, 9, Envelope lipid bilayer. 


in 2003. Three million patients died of AIDS in 
2003. 

HUMAN IMMUNODEFICIENCY VIRUS {HI V) 

HIV, the etiological agenc of AIDS, belongs to the 
lemti virus subgroup of the family Retroviridae. The 
lent]virus subgroup includes the causative agent* 
of the slow virus diseases visna/maedi in sheep and 
infectious anaemia in goats and horses. Resides 
HIV, the related animal immunodeficiency viruses 
also are assigned to this group (Table 62.1). 

Structure 

HIV is a spherical enveloped virus, about 91^ 120 
nm in size (Fig. 62.1). The nucleocapsidi has an 
outer icusahedml shell and an inner coneshaped 
core, enclosing the ribonueleopretems..Thr genome 
is diploid, composed of two identical single 
stranded, positive sense RNA copies. In association 
with viral RN A is the reverse transcriptase enzyme, 
w r hich is a characteristic feature of retroviruses. 
When the virus infects a cell, the viral RC^A is 
transcribed by the enzyme, first into single stranded 
DNA and then to double stranded DNA (pravirus) 


which is integrated into the host cell chromosome. 
The provirus can remain latent for long periods, 
though it influences host cell functions. At times, 
in response to viral promoters, the provinis initiates 
viral replication by directing synthesis of viral RNA 
and other components 

During vital replication, when the naked idrus 
Snails out through the host cell surface membrane, 
it acquires a lipoprotein envelope, which consists 
of lipid derived from the host cell membrane and 
glycoproteins which are vires coded. The major 
virus coded envelope proteins are the projecting 
knahlikc spikes on the surface and tile anchoring 
transmcmbranc pedicles, line spikes, constitute the 
major surface component of the virus which binds 
to the CD4 receptors on susceptible host Cells. 
Tmn&membrme pedicles cause cell fusion. 

Viral Genes a.nis A.NTkjens 
The genome of HIV contains the three structural 
genes {gag, pot and enr) characteristic of all 
retroviruses, as. well as other nonstructural and 
regulatory genes specific for the virus {Fig. 62,2). 
The products of these genes, both structural and 
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prevalent all over the world belong to HIV type I. 
HIV strains., first isolated.from West Africa in 1986, 
which react with HIV type 1 antiserum way weakly 
or not at ail have been termed HIV type 2. The 
envelope antigens of the two types are different* 
though their core polypeptides show some cross 
reactivity. HIV-2 has only 40 per cent genetic 
identity with HIV-1. It is more closely related to 
simian immunodeficiency virus than to HIV-1. It 
is much less virulent than HIV-1. It is largely 
confined to West Africa, though isolations have 
been reported from some other areas,, including 
western and southern India. 

HIV-1 strains have been classified into at least 
ten subtypes based on sequence analysis of their 
gag and env genes. These subtypes are designated 
as A I and constitute Group M (for ‘major’), 
which cause the large majority of HIV-1 infections 
worldwide. A few HI V-1 strains i solated! from West 
Africa (Cameroon, Gabon) do not fall within the 
Group M and have been designated Group O (for 
"outlier'). Some later isolates of HIV-1 from 
Camcroon, distinct from M and Q groups have been 
called Group N (for new). 

HIV-1 subtypes show a geographical 
distribution, though this is often blurted by viral 
trafficking- All known HIV virus groups and 
subtypes are present in Cameroon, West Africa, 
which may perhaps be the site of origin of the 
virus. Subtype A is the most prevalent, being found 
worldwide, while B m the most common in the 
Americas and Europe, The common subtypes in 
Africa are A, C and D, while in Asia the common 
subtypes are E, C and B, Subtype E is the 
commonest in Thailand. In India and China., 
subtype C is the most prevalent.. 

Antigenic differences between HIV strains may 
be important in seradiagposis. Infection by HIV-1 
or 2 may not be identified unless the conrestyrnding 
type is represented in the test antigen. Even with 
HIV-1 strains, the differences between the 
subgroups are significant enough so that Group O 
strain* may be missed if the test antigen contains 
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Group M only. Even subtype differences may cause 

discrepancies so it may be advantageous to use 
antigens containing the prevalent subtypes in 
different countries. 

The subtypes seem to vary in frequency of 
trammissibility by different routes. The subtypes 
common in Asia and Africa (C and E) are more 
readily transmitted by heterosexual contact than the 
American strains (subtype B) which are 
preferentially spread through blood - by injection 
and homosexual contact (homosexual transmission 
is considered to be bleodbome a* the virus is likely 
to enter directly into the blood through minor 
mucusal tears). 

Differences in growth characteristics art 
sometimes observed between HIV isolates from 
asymptomatic carriers and from AIDS patients.The 
former grow slowly and infect only the peripheral 
blood lymphocytes, while the latter grow.faster and 
yield high litres in established cell line* of 
lymphoid and mcmocytoid origin. Strain variations 
may account for differences in clinical course of 
HIV infected persons. 

Resistance: HIV h thermo labile, being 
inactivated in 10 minutes at 60 *C and in seconds 
at 100 °C, At room temperature (20-2S a C) h in 
dried blood it may survive for upto seven days- A. 
At autopsy, HIV has been isolated from various 
tissues upto 16 days after death.lt withstands 
lyophilisation. The virus in lyophiliscd blood 
products can be inactivated by heating at 68 a C for 
72 hours and in liquid plasma at 60 a C for 10 hours. 

Table 62,2 Major antigens ol HIV 

A Envelope antigens: 

1. Spite antigen - gpl20 

(Principal envelope an tiger?) 

2 Translucent fane pedicle protein -gp 41 

B. Shell antigen 

1. Nuckocaptid protein - pi® 

C. Core antigens: 

1. Principal core antigen - p24 

2. Other core antigens - pl5, p55 

D. ftibmerase antigens — p31, p51, p66 
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HIV can be isolated from the blood, lymphocytes;, 
cell-tree plasma, semen, cervical secretions, saliva, 
tears, urine and breast milk. 

The primary pathogenic mechanism in HIV 
infection is the damage caused 10 the CD4+ T 
lymphocyte, The T4 cells decrease in numbers and 
thcT4:T8 (helper: suppressor) cell ratio is reversed. 
Viral infection can suppress the function of infected 
cells without causing structural damage. Infected 
T4 cells do not appear to release normal amounts 
of interleukin-2, gamma interferon and other 
Ivmphokines. This has a marked damping effect 
on cell mediated immune response, 

Though the major damage is to cellular 
immunity, humoral mechanisms also are affected. 
Helper T cell activity is essential for optimal B cell 
function, particularly in responding to thymus 
dependent antigens. AIDS patients are unable to 
respond to new antigens- An important feature in 
111V infection is the polyclonal activation of 0 
lymphocytes leading to hvpergainmagEobulinemia, 
All classes of immunoglobulins are involved but 
levels of IgCl and IgA are particularly raised. In 
infants and children, IgM levels also are elevated. 
The hypergammaglobulinemia is more a hindrance 
than a help because it is composed mainly of'‘useless 
immunoglobulin’ to irrelevant antigens and also 
autoantibndies, This may also he responsible for 
allergic reactions due to immune complexes (type 
3 hypersensitivity). 

Monocyte'rnaemphage function is also affected 
apparently due to lack of secretion of activating 
factors by the T4 lymphocytes. As a result, 
cbemotaxis, antigen presentation and intracellular 
killing by mooocytes/macrophages are diminished. 
The activity of NK cells and cytotoxic T 
lymphocytes is also affected. The principal 
immunological abnormalities seen in HIV infection 
arc listed in Table 62.3. 

Clinical manifestations in HIV infections are 
due not primarily to viral cytopathology but are 
secondary to the failure of immune responses-This 
renders the patient susceptible to opportunistic 


infections and malignancies. An exception to this 
may be the dementia and other degenerative 
neurological lesions seen in AIDS, These may be 
due to the direct effect of HIV on the central 
nervous system, 

ACQUIRED IMMUNE DEFICIENCY SYNDROME 
(AIDS) 

Clinical Features of HIV 
Infection 

AIDS is only the last stage in the wide spectrum of 
clinical features in HIV infection. The Centers for 
Disease Control (USA) have classified the clinical 
course of HIV infection under various groups (Table 
62.4). 

The natural evolution of HIV infection can be 
Considered in the following stages: 

1, Acute HIV infection; Within 3-6 weeks 
of infection with HJV, about SO per cent of persons 
experience low grade fever, malaise, headache, 
lymph adenopathy, sometimes, with rash and 
arthropathy resembling glandular fever. Rarely, 
there may be acute encephalopathy. Spontaneous 
resolution Occurs within weeks. Tests for HIV 
antibodies are usually negative at the onset of the 
illness hut become positive during lLs course. Hence 
this syndrome has heen called 1 scroconversion 
illness’, though in many of those infected , acute 
retroviral syndrome' or seroconversion occurs 
without any apparent illness. HI V antigenemia (p24 
antigen) can he demonstrated at the beginning of 
this phase. The pathogenesis of seroconversion 
illness is believed to be due to immune complexes 
as well as to the direct effects of viral multiplication, 

2. Asymptomatic or latent infection: All 
persons infected with HIV, whether or nnt they 
experience seroconversion illness, pass through a 
phase of symptomless infection {clinical latency) 
which may last up to several years. They show 
positive HIV antibodv tests during this phase and 
are infectious. The infection progresses in course 
of time through various stages, CD4 
lymphocytopenia, minor opportunistic infections. 
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persistent gener^tisecl lymph adenopathy, AIDS- 
related complex (ARC), ultimately terminating in 
full blown AIDS, with its cbiaracteristic infections 
and malignancies. The median time between 
primary HIV infection and development of AIDS 
has been stated as approximately 10 years, About 
5^10 per cent of the infected appear to escape 
clinical AIDS for 15 years or more. They haw been 
termed "long term survivors' or 'long term 
nonprogressors’- The mechanisms for such 
prolonged survival are not clear, though many viral 
and host determinants may he responsible. 

This period of clinical latency however does 
not mean microbiological latency as virus 
midriplication goes on throughout. The host mounts 
an immune response against the virus* both 
humoral and ccUular, which can only limit the virus 
load, but not clear it completely. A chronic persistent 
infection with varying degrees of viral multiplication 
is the result. The CD4+ T cell count decreases 
steadily, from over 1Q0G per microbtre to about 
500 or less by the stage of acute infection. When 
the count falls to HOG or less, clinical AIDS usually 
sets in. For this reason the case definition by CDC 
includes all HIV infected cases with CD4* T cell 
counts nf HOG or less, irrespective of their clinical 
condition. 

3, Persistent genersttised lymph adeno¬ 
pathy (PCil.h This has been defined as the 
presence of enlarged lymph nodes, at least 1cm, in 
diameter, in two or more noncontiguous 
extrainguinal sites, that persist for at least three 
months, in the absence of any current illness or 
medication that may cause lymphadenopathy. This 
by itself is benign hut the cases may progress to 
ARC or AIDS. 

4, AIDS related complex (ARC): This 
group includes patients with considerable 
immunodeficiency, suffering from various 
constitutional symptoms or minor opportunistic 
infections. The typical constitutional symptoms are 
fatigue, unexplained fever, persistent diarrhea and 
marked weight loss of more than 10 per cent of 


body weight. The common opportunistic infections 
are oral candidiasis, herpes zoster, hairy cell 
leucoplakia, salmonellosis or tuberculosis. 
Generalised lymph adenopathy and splenomegaly 
are usually present. ARC patients are usually 
severely ill and many of them progress to AIDS in 
a few months. 

3, AIDS: This is the end-stage disease 
representing the irreversible breakdown of immune 
defence mechanisms, leaving the patient prey to 
progressive opportunistic infections and 
malignancies. 

The clinical severity of AIDS varies with the 
type of infection or malignancy present. In early 
AIDS, many patients are ill only during episodes 
of infection, which may respond to treatment. 
Between episodes they may be relatively well and 
able to resume normal life. Patients with Kaposi's 

Table 62.3 Immunological atmormi lines in HIV 
infection 

I, Features that characterise AIDS 

1. Lymphopenia. 

2. Selective T cell deficiency- 
Reduction in -number of T4 (CfM) 
cells, inversion ofT4:T9 ratio. 

3. Decreased delayed hypersensitivity 
on skin testing. 

4. Hypergammaglobulinemia - 
predominantly IgG and IgA; 
and IgM also in children. 

5. Polyclonal arrival Ion of R edit and 

increased spontaneous secretion 
oflg 

II. Other consistently observed features: 

1. Decreased in vitro lymphocyte 

proliferative response to mitogens 
and antigens. 

2. Decreased cytotoxic responses by 
T cells and NK cells. 

3. Decreased antibody response to 
new antigens. 

4. Altered nmooqrtiq/macfnphage 
function. 

5. Elevated levels of immune 
complexes in scrum. 
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pathy leading tn loss of higher functions, 
progressing to dementia. 

7. Fodiatric AIDS: About a third to half the 
number of babies bom to infected mothers are 
infected with HIV. Virus transmission may occur 
to the fetus in pregnancy an early as the first 
trimester, but infection is more common perinatal ty. 
Marry of the infected children may not survive for 
a vear. C hildren may also acquire the infection from 
blood transfusion or blood products. 

There are many differences between adult and 
pediatric AIDS. Children develop humoral 
immunodeficiency early leading to recurrent 
bacterial infections. Failure to thrive, chronic 
diarrhea, lymph adenopathy, tuberculosis and 
opportunistic bacterial infections arc common 
manifestations in pediatric AIDS. Lymphocytic 
interstitid pneumonia is soen mostly in children, 
while Kaposi sarcoma, toxoplasmosis and 
Cryptococcosis arc leSs common than in adults. 

Laboratory Diagnosis 

Laboratory procedures for the diagnosis of HIV 
infection include tests for immunodeficiency as well 
as specific tests for HIV 

A, Immunological tests: The following 
parameters help to establish the immunodeficiency 
in HIV infection. 

1. Total leucocyte and lymphocyte count to 
demonstrate leucopenia and a lymphocyte count 
usuallv below 200GAiun* r 

2. T cell subset assays. Absolute CD4* T cell count 

will he usually less than 200/miri 3 . T4;T§ cell 
ratio is reversed. 

3. Platelet count will show thrombocytopenia, 

4. Raised IgG and IgA levels. 

5. Diminished CMI as Indicated by skin tests. 
6-Lvmph node biopsv showing profound 

abnormalities, 

13. Specific tests for HIV infection: 
These include demonstration nf HIV, lih antigens 
Of other components and antibodies and isolation 
of the vims. 


1. Antigen defection: Following a single massive 
infection, as by blood transfusion, the virus 
antigens may be detectable in blood after about 
two weeks. The major core antigen p24 is the 
earliest virus marker to appear in blood and is 
the one tested for. IgM antibodies appear in 
ah out 4-6 weeks, to he followed by IgG 
antibodies (Fig, 62.3; Table 62.6). 

If the infecting dose is small, as following a 
needle-stick injury, the process may be 
considerably delayed. The appearance of p24 
antigenemia and vireniia, followed by IgM 
antibody response coincides with the acute or 
seroconversion Illness. Afterwards, free p24 
antigen disappears from circulation and remains 
absent during the long asymptomatic phase, to 
reappear only when severe clinical disease sets 
in. However antibody-bound p24 antigen 
continues to be demonstrable, after dissociation. 
The p24 antigeo capture assay [ELISA) which 
uses anti-p24 antibody as the solid phase can be 
used for this. The test is positive in about 30 per 
cent of HTV infected persons. With prior 
dissociation of the antigen-antibody complex, 
the positive rate increases to about 50 per cent. 
In the first lew weeks after infection and in the 
terminal phase, the test is uniformly positive. The 
test is most useful in persons recently exposed 
to risk of infection, in whom antibody test k 
negative. It ls currentlv used for screening blood 
donors in the USA, along with HIV ELISA. 

2. Virus isolation: Once infected with HIV, a person 
remains infected for life. The virus is present in 
circulation and body fluids, within lymphocytes 
or cell-free. Virus titres parallel p24 litres, being 
high soon after infection, low and antibody- 
bound during the asymptomatic period, and 
again high towards the end. An infected person 
may therefore he infectious throughout, the 
infectivity being highest in the early phase and 
again when the person becomes terminally ill. 
The virus is present in many parts of the body 
and can he isolated from the peripheral 
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hive spread to Europe from America, as well as 
directly from the former African colonies of the 
European nations. 

Conclusive evidence has now been obtained 
from molecular studies, including genetic typing 
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Fig, 62.4 Western blot lest for HIV antibody. Nitro- 
cellulose ships containing separated hiv 
proteins are reacted with lesl I nos. 4 to 27 f 
and control strong posithw, weak positive end 
negative fries. 1 to 3i sera. Antibody bound 
spectlicslly lo HIV proteins Is visualised by 
using goal anhhuman IninMiiiaglabulin-biolin 
conjugate and 4-chlnro l-naphlhol substrate. 
A serum is considered positive if it shows 
anybody binding lo at least 2 gene products 
of ihe 3 major HIV genes, namely gag (p 17, p 
24. p 5$}. env |gp 41. gp 12D T gp I 60) and pol 
(p 31. p 51 and p 66), Examples ol typical results 
are sera nos. 4, 5 h 6 for positive, 7, & for 
negative and ft, 21 lor weak positive reactions, 
|Courtesy.- Pro! T. Jacob John. Department of 
Virology and Immunology, CMC Hospital, 
Vellore.] 


of mitochondrial DNA from human, and 
chimpanzee viruses. It shows that the progenitor 
of HIV-1 entered the human population from 
chimpanzees of the subspecies Pan troglodytes 
troglodytes living in equatorial west Africa 
(Cameroon, Gabon, equatorial Guinea.), where the 
virus is considered, on oilier evidence, to hive 
emerged in humans. HI Vs are believed to have been 
present in monkeys for over 100,000 years. 
Transmission to chimpanzees is a far more recent 
phenomenon and may have happened through [heir 
killing and eating monkeys. Human infection could 
have come from chimpanzees who were hunted by 
them and killed for meat. The cpz 51V may have 
taken root in humans by becoming HIV through 
mutation or recombination. 
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The three groups of HIV-1 (M h G, NJ may 

represent independent transmissions from 
chimpanzees to humans. The source of HIV* 2 has 
already been established as SIV from the sooty 
mangubev monkev Ctrcocebua aty$. 

The virus has spread virtually all over the world, 
though the prevalence rates in different countries 
vary widely. Initially North America, Brazil, 
Western Europe, Australia,, Central and West Africa 
had high prevalence, while Eastern Europe and 
Asia, were only sparsely affected. However this 
soon changed. By vigorous measures and active 
public participation, the developed countries have 
succeeded in reducing spread of the infection. But 
in many countries of Africa and Asia, the infection 
has spread unhindered teaching epidemic 
proportions. Differences also exist, both in the 
modes of infection and in clinical manifestations, 
between the affluent and developing countries. The 
epidemiology of AIDS has been studied mostly in 
the developed nations and only sketchily in the third 
world- HIV is spread only bv three modes—sexual 
contact with infected persons (heterosexual or 
homosexual); by blood and blood products; and 
from Infected mother to babies [intrapartum, 
perinatal, postnatal). There is no evidence of HIV 
transmission by other means including casual 
contact or through insects. The modes of 
transmission oi HIV and their relative risks are 
shown in Table 62.7. 

HIV is primarily a sexually transmitted infection. 
In the USA it was transmitted predominantly among 
male homosexuals- The danger of infection is more 
for the passive partner because mucosal tears are 
very ireejuent during anal intercourse and virus- Laden 
lymphocytes in the semen can directly enter through 
these. One reason for the high incidence of HIV 
infection in male homosexuals may be the Urge 
numbers of sexual partners they are repotted to 
have. In the affluent countries, homosexual and 
bisexual men are infected fat more often than the 
heterosexuals. For this reason, infection was found 
predominantly in men and only occasionally in 


women. However, the situation is very different in 
Africa and Asia where men and women are equally 
affected- In some places, more women are (bund 
infected due to the high rate of infection in 
prostitutes. Transmission in the developing countries 
is almost always heterosexual and can take place in 
ho|h directions. 

The best method of checking sexual 
transmission of infection is health education 
regarding the danger of promiscuity and other high 
risk activities. Some changes in life style and sexual 
attitudes have already taken place in the USA and 
the incidence in homosexuals has come down. 
Persons indulging in high risk sexual practices and 
spouses of infected persons should be counselled 
regarding safer sex' methods. The use of condoms 
offers considerable, though not complete, 
protection. The risk oi HIV [ransmission increases 
with multiple partners. 

Tabla 62.7 Common modes of transmission of 
Hiv and iheit relative risk 


ApproximMtc chance of 
Types o f exposure Ha&ctaaa per exposure 


1 

Sexual intercourse: 
anal,vaginal, oral 

0.1-1 0% 

II 

Blood and blood 

s90% 


products, Factor VH 
etc Blood transfusion 


III 

Tissue and organ 
donation: scnwri, cornea. 

50-90% 


hone marrow, kidney etc 


IV 

Injections and 

0,5-1,0% 


injuries: shared needles 
by drug addicts 
Injections with unsrcrife 
syringes and needles 
Needle-srick and other 
injuries in health staff ? 

Surgical wound* 

V Mother to baby; 30% 

Transplacental 
At birth 
After birth 
Breast milk 
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S million HIV-infected people, the second latest 
such, population after South Africa, 

Prophy hixis: The prevention of AIDS rests at 
present on general measures such as health 
education, identification of sources and elimination 
of high risk activities. No specific vaccine is 
available. The high mutability, diverse antigenic 
types and! subtypes, long latency and persistence in 
infected cells as prmirus pose serious. problems in 
the development of vaccines. An ideal vaccine 
should not only prevent infection but alto haw 
therapeutic application in asymptomatic 
seropositives. 

The lack of a suitable experimental animal is a 
severe constraint. Chimpanzees, monkeys and 
rabbits can be infected but they do not develop the 
disease. Infection with the simian immunodeficiency 
virus is a convenient model. Several possible 
strategies have been explored for vaccine production. 
These include immunisation with (a) modified 
whole virus; (b) subunits, based cm envelope 
glycoproteins expressed in animal cells, bacteria, 
viruses — or as synthetic epitopes- on adjuvant 
carriers; and (c) target cell protection by anti-CD4 
antibody or genetically engineered CD4. A number 
of candidate vaccines are being tested in clinical 
trials in humans. 

Trt- ntn rent: Approaches to the treatment of 
AIDS include: [1) the treatment anti prophylaxis 


of infections and tumours; (2) general management; 
(3) immunoiestorative measures; and (4) specific 
anti-HIV agents. 

Prompt diagnosis and appropriate treatment of 
opportunistic Infections and tumours in the early 
stage of AIDS can be very useful and the patient 
mav he able to resume normal life in between 
episodes of illness- General management of the 
patient requires the understanding and cooperation 
of the health staff in the hospital and of relatives at 
home. Groundless- fears about imaginary risks haw 
to be allayed and reassurance given that the patient 
can be kept at home or treated in the hospital 
without danger to contacts, if proper precautions 
are taken. 

Steps, at immurorcstorative therapy such as 
administration of interleukin-2, thymic factors, 
leucocyte transfusion and bone marrow 
transplantation have not been very helpful. 

Specific treatment with antiretroviral drugs is 
the mainstay in the management of HIV infection. 
A number of effective drugs have become available 
in recent years. These include nucleoside analogues 
like Zidovudine (Azidothmldlne, AZT) h 
Didanorine, ZaJcitabme. Lamivudmc and protease 
inhibitors like Saquinavir, Ritonavir. Indinavir, 
which have beers used as mono the mpv or in various 
combinations. Adverse reactions and high cost 
restrict their wide use in poor countries- 
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Normal Microbial Flora of the Human Body 


Human being? like other animals , harbour a wide 
jtt.lv o t microorganisms both on and in their bodies. 
The normal m icrobial flora am more or less constant 
for each species and arc broadly divided into 
residents and transients. The former constitute a 
constant population which cannot be completely 
removed permanently* while the latter vary from 
time to time and are temporary. The re&idcritii 
prevent permanent colonisation of the hodv by 
other organisms. A knowledge of the normal flora 
of the body is essential to an understanding of the 
interaction of human being? and their pathogen 
laden environment. The normal microbial flora play 
an important role in body economy. They can 

(1) become pathogenic when host defences fairer* 

(2) prevent or interfere with eoEonisation/invasion 
of the body hv pathogens* (3) raise the overall 
immune status of the host against pathogens having 
related or shared antigens* and (4) cause confusion 
in diagnosis due to their ubiquitous presence in 
the body and their resemblance to some of rhe 
pathogens. Members of the normal flora form part 
and parcel of the host and include saprophytes, 
commensals, facultative pathogens and true 
pathogens. 

The mieroftora of die intestinal tract synthesise 
vitamin K and several B vitamins which supply on 
occasion the body’s needs.The antibiotic substances 
produced by some* for example* eolicins, have a 
harmful efleet on pathogens. The endotoxins 
liberated by them may help the defence mechanism 
of the body by triggering the alternative 
complement pathway, as long as they arc not 
produced in excessive amounts. 


On the contrary* the opportunistic pathogens 
among them cause disease when the body's defence 
mechanisms fail. Their abnormal multipl ication c an 
cause diseases such as enteritis and endotcodc shock. 
Penicillinase producing organisms can aggravate 
infection by interfering with therapy. Certain 
streptococci of the mouth cause dental caries. 

In environments laden with pathogens for 
example, hospitals, a shift in the normal flma of 
the individuals there can cause an increase in 
carriage of antibiotic resistant staphylococci* it has 
also been shown that such people can be 
reoolonised with penicillin sensitive staphylococci 
of strain 502 A which arc harmless and thus 
overcome the damage done. When large numbers 
of people congregate from different parts of the 
country as in army camps, rhe new recruits 
experience increased colonisation rates of JVcisaerit 
meningitidis and Group A Streptococcus and 
viruses such as rhinoviruses and adenoviruses 
sometimes resulting in epidemics. 

Normal Flora of tub Smx 

The human skin is constantly and continuously 
bombarded by organisms present in the 
envir onme nt It is also contaminated by one's own 
secretions and excretions, the extent depending on 
the Individual's personal hygiene. The flora depend 
on the area of the body, the clothing one wears, 
one's occupation and environ ment. Transient 
microflora tend to occur more frequently On the 
skin. 

Cultures from the skin have frequently 
de mo 3i st rated diphtheroids (including 
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propionibacterii); staphylococci (aerobic and 
anaerobic); Gram positive aerobic spore bearing 
bacilli; Sir. VxridaJLV. Sir. faecaiis-. Gram negative 
bacilli such as E. coli, Proteus, and other intestinal 
organisms-, mimieae; mycobacteria (nor- 
pathogenic); Candida aiifcajis; cryptococci and 
/Vryncwponirt] ovsde. 

Often the skin of ike face, neck, hands and 
buttocks carries pathogenic hemolytic 
streptococci and staphylococci. Penicillin resistant 
staphylococci are seen in individuals working in 
hospitals. 

Hair frequently harbours .Sra/jh, aureus and 
forms a reservoir for cross infection. 

Normal Flora oh run 
Conjunct i v a 

The conjunctiva is relatively free from organisms 
due to the flushing action of tears. The predominant 
organisms of the eye are diphtheroids 
(Cory'fiebacrerivm xerosis), Mnraxella species, 
staphylococci and nonhemolytic ItteptOOCKdL 

Normal Flora r>F thf: Nose, 
Nasopharynx and Accessory 

SINUHKS 

The floor of the nose harbours corvuebaeceria, 
staphylococci and streptococci. h/aeutopAj/iis 
species and Moaxslla iacunafi may also be seen. 

The nasopharynx of the infant is Sterile at birth 
but, within 2-3 days after birth, acquires the 
common commensal flora and the pathogenic flora 
carried by the mother and the attendants. The 
nasopharynx can he considered the natural habitat 
of the common pathogenic bacteria which cause 
infections of the nose, throat, bronchi and lungs. 
Certain Gram negative organisms from the 
intestinal tract such as Pseudomonas aeru^nnos'j, 
E.coli, paracolons and Proteus are also occasionally 
found in normal persons. After penicillin therapy, 
they may be the predominant flora. 


Normal Flora of the Mouth and 
IJ upivH Respiratory Tract 

The mouth contains a plethora of organisms - 
pigmented and nonpigmented micrococci, some of 
which are aerobic, Gram positive aerobic spore 
bearing bacilli, coli/omas, Proteus and Lactobacilli, 
The gum pockets between the teeth, and the crypts 
of the tonsils have a wide spectrum of anaerobic 
flora—-anaerobic micrococci, microaerophilic and 
anaerobic streptococci, vibrios, fusiform bacilli, 
coryncbactcrium species, actiromyces, leptorhrix, 
mycoplasma, ftouKiu, and bacteroides arc aU found 
in varying extents. Among fungi, Candida and 
gcotrkhum have been reported. 

The mouth of the infant is not sterile at birth. 
It generally contains the same types of organisms 
in about rbe same relative numbers as those present 
in the mother’s vagina, that is a mixture of 
micrococci, streptococci, cob form bacilli and 
Dodd lien’s bacilli. These organisms diminish in 
number during the first 2—5 days after birth and 
are replaced by the types of bacteria present in the 
mouth of the mother and nurse. 

Within 12 hours after birth alpha hemolytic 
streptococci arc found in the upper respiratory tract 
and become the dominant organisms of the 
oropharynx and remain so for life. In the pharynx 
and trachea, flora similar to that of the mouth 
establish themselves, Few bacteria are found in 
normal bronchi. Smaller bronchi and alveoli are 

normally sterile. 

Normal Flora of the Intestinal 
Tract 

In 80-90 percent newborn infants, the meconium 

is sterile but in 10-20 per cent a few organisms, 
probably acquired during labour, may be present. 
In all cases, within 4-24 hours of birth an intestinal 
flora is established pa rtly from below and partly by 
invasion from above. In breast fed children the 
intestine contains lactobacilli (I. hitidux Constituting 
99 per cent of total organisms in the feces), 
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enterococci, colon, bacilli and staphylococci. In 
artificially fed {bottle fed) children L, addophtfw 
and colon bacilli And in part hy enterococci, Grain 
positive aerobic and. anaerobic bacilli. With the 
change of food to the adult pattern, the flora change. 
Diet has a marked influence on the relative 
composition of the intestinal and fecal flora. 

In the normal adult, the microorganisms on the 
surface of the esophageal wall are those swallowed 
with saliva and food. Because of the |nw pH of 
the stomach, it is virtually sterile except soon after 
eating, la patients with carcinoma of the 
Stomach or achlorhydria or pyloric obstruction, 
there is proliferation of Gram positive cocci and 
bacill i 

The number of bacteria increases progressively 
beyond the duodenum to the colon, being 
comparatively low in the small intestine. In the adult 
duodenum there are IG’-lCh bacteria per gram, in 
the jejunum and proximal ileum Iff—10* bacteria 
per gram, and in the lower ileum and cecum 
lff-lQ 1 " bacteria per gram of contents. In the 
duodenum and upper ileum, lactobacilli and 
enterococci predominate but in the lower ileum 
and cecum the flora resemble the Fecal flora. There 
are about 10 ' 6 bacteria per gram of contents In the 
colon and rectum, constituting 10-20 per cent of 
the fecal mass. In the adult normal colon, the 
resident bacterial flora are mostly {96-99 per cent) 
anaerobes — anerobic streptococci, anaerobic 
lactobacilli, clostridia, and bacleroidcs and about 
1-4 per cent aerobes—enterococci, conforms, and 
small numbers of Proteus, Pseudomonas, 
lactobacilli, mycoplasma, Candida and others. 

Nr .km \l Flora of run 
Gknitouri\ \R\ Tu \CT 

Mycobacterium sinegmatis, a harmless commensal, 
h found in the smegma of the genitalia of both 
men and women. This may, by its presence in the 
voided specimens of urine, cause confusion. From 
apparently normal men, aerobic and anaerobic 
bacteria can be Cultured from a high proportion, 


including l&ctobacilli, Gard. vaginalis, alpha 
hemolytic streptococci and Bacteroides species. 
Chhtfto. trachomatis and Ureapltsma iirealyricum 
may also be present. The female urethra is either 
sterile or contains a few Gram positive cocci. 

The vulva of the tiewbom child is sterile but 
after 24 hours it acquires a varied flora of 
nonpathogenie organisms from the skin, vagina and 
intestines. The nature of the flora in the vagina 
depends on the pH of its secretions and its enzyme 
content. In the first 24 hours it is invaded by 
micrococci, enterococci and diphtheroids. In 2-3 
days, the maternal Cftrin induces glycogen 
deposition in the vaginal epithelium.This facilitates 
the growth of a hctobacillus (Doderlietis bacillus) 
which produces add from glycogen, and the flora 
ftl a few weeks is similar to that of the adult. After 
the passively transferred cstrin has been eliminated 
in the urine, the glycogen disappears, along with 
Dodcrliea't bacillus and the pH of the vagina 
becomes alkaline. This brings about a change in 
the flora to micrococci, alpha and nonhemolytic 
streptococci, coUfbrm* and diphtheroids. At puberty 
the glycogen reappears and the pH changes to acid 
due to the metabolic activity of Doderlien's bacilli, 
E.coli and yeasts. This change probably helps in 
the prevention! of colonisation by possible harmful 
micro organisms- During pregnancy there is an 
increase in Stap/iyVococcus epidermidis, Doderlien's 
bacilli and yeasts. Occasionally other members of 
the intestinal flora maybe present. After menopause, 
the flora resembles that found before puberty. The 
normal vaginal flora often includes anaerobic cocci 
and hariJIi, listeria, anaerobic streptococci, mimeae, 
mycoplasma, Gindin enella vagi nibs, neisseriae and 
spirochetes. 

Bacteria in i hi Biu»<d 
TlS'U EU 

The commensals from the normal flora of the 
mouth, nasopharynx and intestinal tract may get 
into the blood and tissues- They are usually quickly 
eliminated by the normal defence mechanisms of 
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Durham's tubes contain E. COli From the number 
of positive tubes obtained, results are read off the 
probability ts cs. Further confirmation of the 
presence of E. coil can be obtained by testing for 
indole production and citrate utilisation, 
l-,J Membrane filtration method: A measured 
volume of water is filtered through a millipore filter. 
All the bacteria present are retained on its surface. 
It is placed on suitable media face upwards and 
incubated at the appr o p riate temperature, and the 
colonies that develop an the surface of the membrane 
are counted. After IS hours of incubation the 
presumptive coJiform counts and E. coli counts can 
he directly made. 

3. Detection of fecal streptocncck 

Subcultures arc made from all the positive bottles 
in the presumptive coliform test into tubes 
containing 5 ml of glucose azide broth. The 
presence of 5 ft ieo&it indicated by the production 
of acid in the medium within IS hours at 45 a C. 
The positive tubes should he plated onto 
MacC’onkey's agar for confirmation. 

Mi Hi pore membrane technique can also be 
adopted for this purpose, 

4. Examination for (II, perfmgenst This 
is tested by incubating varying quantities of the 
water in litmus milk medium -(anaerobically] at 
.37 6 C for fi ve days and 1 no king for stormy 
fermentation. 

5. Tests for pathogenic bacteria: Under 
special circumstances, specific pathogens such as 
typhoid bacilli or cholera vibrios may have to be 
looked for in water. This used to be done by adding 
the water samples to tenfold concentrated liquid 
media, incubating and subculturlng onto 
appropriate solid -media. A him pier and more 
sensitive method is to filter the water sample 
through membrane filters and incubate the filters 
oil appropriate solid media. 

Viruses in Water 

Methods are available for the isolation of 


enteroviruses and other c>lopathogenie viruses from 
water bur they do not form part of routine testing. 
As a general rule, it is assumed that the viruses in- 
water arc destroyed by chlorination, when the 
concentration of free residual chlorine is at least 
0.5 mg per litre, for a minimum contact period of 
30 minutes at pH below 8 and a turbidity of 
1 ncphalomctric turbidity unit or less. 

Photo^oa in Water 

•Entamoeba histolyti ca, frrardja species and, 
Balutiodhmi coir can contaminate drinking water. 
However, there is no good indicator tor protozoal 
contamination of water, Coliform counts are not 
reliable as indicators of protozoal contamination 
oi chlorinated water as thev arc more resistant to 
chlorine than arc colifbrms- 

BACTERIQLOGY OF MILK 

Tytkis r>F Bacteria in Milk 

These can he classified as below: 

1, Acid fanning bacteria: The commonest 
arc tactic streptococci including Sti: lacth and Str 
fa pca j fri. I jcfobacilli arc also found. These ferment 
lactose in the milk, producing acids, mainly lactic 
acids, which lead to the formation of a smooth 
gelatinous curd, 

2, ACknli forming bacteria: These consist 
of alkaligcncs spp, some aerobic spore bearers and 
Achromobacter. These render the milk alkaline. 

3, Gas-forming bacteria: Coliform bacilli 
are the commonest. Others are Cl. pcrfnnguu and 
(17. butyrfcum. Acid and gas are produced, A smooth 
gelatinous curd riddled with gas bubbles is formed, 
Coliform bacilli are responsible for the ropiness in 
milk, 

4, Proteolytic bacteria: Spore-bearing 
aerobes such as B. subiiUs and B. cere us, Proteus 
\mSguiS! staphylococci and micrococci come under 
this category, 

5, Inert bacteria: Bacteria which produce no 
visible change in milk are called inert. These 
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Linton AH and HM Dick (eds). 1990. Bacteria in the Environment. In TopkySt lVifsoni Principles of Bacteriology, 
Virology and Immunity; VbJ. I General BjcicrioLoify and Immunity. Section B. 211-291. London: Edward Arnold. 

World Health Organisation, Geneva: Guidelines for Drinking WSier QuifJjy. 

Vd, I. Recommendations (1983} 

VoL ft. Criteria <1W) 

VdL. Ill, Drinking; water quality control in s.mal'1 contmunitjr-supplies {1985). 
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LflhuiratEjry di agnosia The routine method 
af’dia^nosLH is by the exam inn n> .• • KOI I mourn*. 
Scrapings art taken from t] • . I ringworm 
lesions. The specimen is mb- J ivi1 1 1 a J:< f Ur.-. 
KOH on a slidt, and after j ... ir . . nverslip, t ; 
prepanuion is gently beefed tu irii . tout ! . ' : n„ . 

Mioompy reveals branched i i-.: Fig 

65.5) . Selection of infected ]•. < ■ uni ill: urt it 

facilitated by expOSuie to U\ " I Wi jod's 3a mpF 
Interred hair will he fluoresce!.: E ■ . ■ r- *: I 
infection may bo di9tin.guis.hcd in wet mounts, 
'ectothrix" in which atthicsp . n i .. • 

sheath surrounding the hai titdotl ■ ■■ m 
which the spores are insidn the him' ?.h, li ;Fig. 

65.6) . Demonstration of the ungus in n.uF 
difficult and may be possible • ii,l':u fearing 
with KOH for a day or two. 

Species identification is pt^sibU; by culture 
examination. Specimens are inoculated on 
Sabouraud’s medium (with antibiotics and 
cyebhscimide) and incubated at room temperature. 



Fig. 65.4 Trichophyton tuhrum culture mounl snowing 
microtomdia along sid'-'i ol hyphac and long 

cytmartca: macrocoirma. 



Fig 65 5 Dermatophyte hyphae In akin scraping, KOH 
mount. Partly digested epithelial cells form The 
background. 



Fig. 65-6 Eclpthrij! and enttolhrii types of Heir infection. 
1. ecioihrnt type with fungal arthrospoFss 
surrounding hair 2. endothrlx type showing 
adhrospores inside hair shall. 
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Table 65.2 Clinical types ol (tormitophyla*H and 
their common causative agents 


.Disease 

Common caurafice agents 

Tinea capita 

Miao&potvm any species, 
Trichophyton most species: 

FlVU.3 

T. schoenlesnii, T. violtcaun, 

M. gypseum 

Tinea barbae 

T. rufirum, T.menragraphytes, 

T. Yrrrucosum 

Tjneif induxara 

T. tTurwenrrictrin 

Tinea carpom 

T ruhnun and any other 
denoitophyte 

i Icmris 

73 ruMuri 

T, pe£a 

T. rubrurrt, E, ifocctmim 

Ectothrix hair 

Mii'rwfwrvm species. 

infection 

T. rubrurn, T, mentagtophjtcs 

Endorhrix hair 

T r sehocnlcim, T, frumnn*, 

infection 

T HdflCHlffi 


Growth is slow and colonies may appear onlv in 
1-3 weeks. 

Epidemiology: Dcrmatophytosis occurs 
throughout the world but certain types of disease 
and some species of fungi show geographically 
restricted distribution. Social and cultural patterns 
also influence dcrmatophvtoses. Tinea pedis, so 
common in the temperate climates where all wear 
shoes is rare in. die tropics where- most walk barefoot. 
Many fact™*, such as age, hormones and! Lnteficunrcnt 
diseases, affect the susceptibility to demiatophytosk 
Depending on their natural habitat, 
dermatophytes may be cbnssfied as anthropuphibc, 
Hjophilk and geophitic species. Human beings arc 
the main or only hosts for amhropophitic 
dermatophytes. T, rubrurn, E. 6/xcotuat and M. 
atidoujjijj" are examples. Thev cause mild hut 
chronic lesions. Zoophilic species arc natural 
parasites of animals. Examples arc 7! verrucosum 
in cattle and A/. canis in dogs and cats. Human 
infections with zoophilic dermatophytes cause 
severe inflammation but are more readily curable. 
Gcophilic species, which occur naturally In soil., 
arc relatively less pathogenic for human beings. 
Examples are M. gy pjeu/u and T ajetlni. 


Treatment Topical antifungal agents are usually 
effective. 27 rubrum infections may be resistant to 
treatment. Oral griseofiilvin is the drug of choice. 

Can Didos is 

Candidosls (candidiasis, moniliasis) is an infection 
of the skin, mucosa, and rarely of the internal 
organs, caused by a ycastlike—fungus Candida 
albicans, and occasionally by other Candida spec ies, 

Candida albicans is an ovoid or spherical 
budding cell, which produces pseudomycelia both 
in culture and in tissues {Fig. 65,7). Candida species 
are normal inhabitants of the skin and mucosa. 
Candidusis is in opportunistic endogenous infection, 
the commonest predisposing factor being diabetes. 

Cutaneous candidosis may be intertrigmous or 
paronychia!. The former is an erythematous, scaling 
or moist lesion with sharply demarcated borders, 
where papular lesions are most prominent. The sites 
affected arc those where the skin is macerated by 
perspiration—groin, perineum* axillae and 
imframammaiy folds. Paronychia and onychia arc 
seen in occupations that lead to frequent immersion 
of the hands in water. 

Common mucosal lesions are vaginitis 
characterised by an acidic discharge and found 
frequently in pregnancy, and oral thrush found 
commonly in bottle fed infants and the aged and 
debilitated. Creamy white patches appear on the 
tongue or huccal mucosa, that leave a red oozing 
surface on removal. 

Intestinal candidosis is a frequent sequel to oral 
antibiotic therapy and mav present as diarrhea not 
responding to treatment. Kronchopulmonary 
candidosis is seen as a rare complication of pre¬ 
existing pulmonary or systemic disease. Systemic 
infections, such as septicemia, endocarditis and 
meningitis may occur as terminal complications in 
severe generalised diseases such as leukemia and 
in persons on prolonged immunosuppression. 
Candida granuloma and chronic mucocutatlCOUS 
candidiasis arc serious manifestations seen in 
immunodeficiencies. 
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F f g. MJa Yeasts sod cMtmytospOftl of Glfldtts 
a/b/cane 



Fig. 65.7b Candida atbicss is In a stained specimen oi 
sputum. The presence of fryphil elements in 
addition its yeast forms Indicates colonisalion ol 
tissue by the organism. 

Diagnosis can be established by microscopy and 
culture. Wet films or Cram stained srocars from 
lesions or exudates show budding Gram positive 
cells. As Candida can be seen on normal skin or 
mucosa as well, only it* abundant presence is of 
significance. Demonstration of mycelial forms 
indicates colonisation and tissue invasion and la. 


therefore, of greater significance. Culture? can be 
obtained readily on Sabnurand's and on ordinary 
bacteriological culture media. CoEonies arc creamy 
white, smooth and with a yeasty odour. Candida 
albicins can be identified irom o tber Candida 
species [C. Stella toidac, C- trfjpicalis, C. 
pscudoiropicitlis, C. kiusei, C. guiHicrmondii, C, 
parapsilosis, C. viswanatfiii) by growth 
characteristics and sugar assimilation and fermentation 
rests, C- albican* alone forms diliirnvdnHporcs on 
com meal agar cultures at 20 °C. A rapid method 
of identifying C. albican* is bawd on its ability to 
form: germ tubes within two hours when incubated 
in human serum at 37 : C (Reynolds-Braude 
phenomenon). 

Agglutinins appear in the sera of patients bur as 
they are frequent in normal persons also, they arc 
not helpful in diagnosis. Delayed hypersensitivity 
to Candida is so universal that skin testing with 
Candida extracts is used as an indicator of the 
functional integrity of celt mediated immunity. 

Management of candidoeis is mainly by 
removing the predisposing causes. Ail Candida 
strains arc sensitive to Nystatin hut as it is poorly 
absorbed from the gut, it is not useful in systemic 
diseases. Amphotericin R, 5-fiunrocytosine and 
clotrimazole may be used for disseminated 
candidosis. 


DEEP MYCOSES 

Deep mycotic infections may be classified as those 
that affect mainly or exclusively the subcutaneous 
tissues (subcutaneous, or intermediate mycosis) and 
those that involve the internal organs (deep sealed 
or systemic mycoses). 

5ohnirjflc<nrs mu»sc.v.' 

1. Mycotic mycetoma 

2. dtromoblutomycosis 

3. Sporotrichosis 

4. Rhinosporidiosis 

5- Subcutaneous phycomyeosis 
Systemic 

1. Cryptococcosis 
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Fig.65.9 SpQrothfiit ( Sporolrichum) schcnkii: culture mount showing line branching hyphee end pear shaped 


conldla borne in rosette like clusters at tips of 
RHlNoMPuklblosiM 

Rhinosporidiosis is a chronic granulomatous 
disease characterised by the development of 
friable polype usually confined ro the nose, mouth 
or eye but rarely seen on the genitalia or other 
mucous membranes. Though the disease was first 
identified in Argentina, the large majority of cases 
come from India and Sri Lanka. While the disease 
is generally confined to mucous membranes, 
hematogenous dissemination has been recorded 
very rarely. 

I Ideologically the lesion is composed of large 
numbers of fungal spherules embedded in a strana 
of connective tissue and capillaries.. The spherules 
are 10-200 pm in diameter and contain thousands 
of endospores (Fig 65.10]. 

The causative fungus fiArnaspomfium «hcri 
has not been cultivated in media. The mode of 
infection is not known though infection is 
believed to originate from stagnant water or aquatic 
life. 

Si nt:i "r.vM'.Di s Pn vcmlTi r:i>sls 

In this condition, originally reported from Indonesia 
and subsequently identified in many Asian and 


lalernl branches and singly along does of hyphae. 

African countries^ a painless subcutaneous nodule 
develops, which enlarges to involve a whole limb 
or large areas of the body The causative agent is 
Basidiobalm huptosporus, a saprophytic 
phycomycctc found in decaying vegetation and in 
the intestines of manv reptiles- .ir:d amphibians, lr 
has been suggested that the infection may be 
acquired by insect bites. 

Cryptococcosis 

Cryptococcosis (torulosis) is a iubacuic oi chronic 
infection caused by the ve.ist Crypfococrus 
utofixmans. It is a round or ovoid budding cell, 4- 
20 pm in diameter, with a prominent polvsaccharide 
capsule (Fig. 65.11). It is a soil saprophvte and. is 
particular!}' ahundant in the tcccs of pigeons and 
other birds. 

Infection is usually acquired by inhalation but 
may sometimes be through the skin or mucosa. Most 
infections are asymptomatic. Pulmonary 
cryptococcosis may lead, to a mild pneumonitis. A? 
no calcification Occurs, healed pulmonary lesions 
are not evident radio logic ally, Dissemination of 
infection leads to visceral, cutaneous and meningeal 
disease. Visceral forms simulate tuberculosis and 
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Fig.65.ID RhinospoNdiiunri. Mature sporangium 
(conirally iacatcdi in the stroma of a lesion. 

canter clinically- Bones and joints may be involved. 
Cutaneous cryptococcosis varies from small ulcers 
to large granulomas, CryptuvoccaJ meningitis is the 
mnst serious type of infection and can resemble 
tuberculous or other chronic types of meningitis. 
Its onset is insidious and the course slow and 
progressive, It is often seen in AIDS. 

Diagnosis is established by demonstration of 
capsulated, budding yeast cells in the lesions and 


by culture. The eapwles stand out in India ink 
preparations. The fungus grows readily on 
Sabouraud's agar forming smooth* mucoid, cream 
coloured colonies. The ability to grow at 37 °C 
and hydrolyre urea differentiates C. JKO&milltf from 
nnnparhngenie cryptococci, Pathogenicity can be 
demonstrated by intracerebral or intraperitoneal 
inoculation into mice* which develop a fatal 
infection. Capsulatcd budding yeast cells can be 
demonstrated in the brain of injected mice. 

Two perfect stages of the fungus have teen 
discovered* They belong to rise daft Basidiumyceres 
and have been termed Frhbaudidh ncofornutna 
and F, bxsilkpori. 

Four serological types of cryptococci! capsular 
polysaccharide - A, B, C and D - have been 
identified. Demonstration of the capsular antigen 
by precipitation can sometimes be valuable in 
diagnosing some cases of ciyptncocca! meningitis 
when the CSF is negative by smear and culture, 
Amphotericin B, S-fluorocytosine* clotrimazole and 
miconazole arc useful in the treatment of the disease, 

Cryptococcosis is worldwide in distribution. As 
it was originally reported from Europe, it used In 
be known as 'European blastomycosis'. Several 
cases of cryptococcosis have been identified in India* 
this being the only deep mycosis common in this 
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Amphotericin B Iliv been found useful in 
therapy. 

OPPORTUNISTIC SYSTEMIC MYCOSES 

Some saprophytic fungi which are ubiquitous in 
the environment are important in medical mycology 
lor two reasons. Firstly they are common laboratory 
contaminants on culture media— Aspergillus t 
Peniciilivm, Mucor and Rhizopua species grow on 
virtually anything. Secondly, they can produce 
serious and even fatal, infection in persons who are 
otherwise debilitated. Aspergillosis and 
mucormycosis ate important opportunistic systemic 
mycoses. 

Asi'H h(jI i.i .os is 

Aspergilli and PtniciUaa constirute the commonest 
moulds seen on damp bread or almost any other 
organic matter. Of the 300 odd species of aspergilli, 
A. fomigatus is highly pathogenic for birds, and 
occasionally causes invasive disease in human 
beings- A few other species may also cause 
opportunistic human disease, The commonest 
human disease caused by aspergilli is otomycosis. 


Systemic aspergillosis occurs as the following 
clinical types: 

1, Pulmonary aspergillosis 

a. Aspergillus asthma 

b. Bronchopulmonary aspergillosis 

c. Colonising aspergillosis (Aspergillums) 

2. Disseminated aspergillosis 

Aspergillus asthma occurs in atopic individuals 
following sensitisation to inhaled aspergillus spores. 
In bronchopulmonary aspergillosis, the fungus 
grows within the lumen of the bronchioles, which 
may he occluded by fungus plugs. The fungus can 
be demonstrated in sputum. The condition is made 
worse by the development of hypersensitivity to the 
fungus. Colonising as]>ergil]os.is usually develops 
in pre-existing pul mo maty cavities, such as in 
tuberculosis or cystic disease. The fungus grows 
into large 'balls' (aspergilluma}. Surgical removal 
becomes necessary' as the disease commonly causes 
massive hemoptysis. In invasive aspergillosis., the 
fungus actively invades the lung tissue. Disseminated 
aspergillosis involving the brain, kidney and other 
organs ls j fatal complication sometimes seen in 
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debilitated patients on prolonged Treatment with 
antibiotics, sienilds and cytutoxic drugs. 

Diagnosis may be made by microscopic 
CWJnina.tinn and by %,-sdturc.Tlie fungus grows rapidly 
on culture media. Identification of Aspergillus is easy, 
based o.n growth cbaricterisricH and morphology. 
Aspergill hwt septate hyphac. Asexual eonidia are 
arranged in chains, carried on elongated cells called 
stengmata’, borne on the expanded ends (vesicles) of 
Conidiuphures (Fig. 65.14). 

As aspergilli are such common contaminants, 
their demonstration in exudates and isolation in 
cultures have to be interpreted with care. 

PlMi .1 I I KiSlS 

Penkillium species have been very rarely 
incriminated in opportunistic human infections P. 
marnditb has been reported to be an important 
opportunist pathogen in the HIV infected. 
Members of this genus can be identified by the 

brushlike arrangement of conidia (log. 65-14). 

Mi CiWMYCfJSIS 

Mucormycosis is an invasive disease caused by 
phwomvcetes, mainly by species of Rhizopus, 
Mucor and Ab&idfa, It used to be a rare terminal 
complication of uncontrolled diabetes and other 
chronic debilitating diseases. The incidence oi the 
disease has increased considerably as a result of 
the widespread use of antibiotics, steroids and 
antimetaboLites. The feingi are normally avinJenr 
and are able to invade tissues only when general 
resistance is extremely low. 

The primary infection. is usually In the upper 
respiratory tractor nose, where the spores germinate 
and the mycelii in vide the adjacent tissues—the 
orbit, sinuses and the brain. Primary infection may 
alio occur in the lung, the fungi invading the arteries 
to cause thrombosis and infarction. The disease is 
fatal 

Diagnosis is usually made during histological 
examination of autopsy material, by the presence 
of broad, nonseptate mvcelia in tissues. The fungi 


can be grown easily on Sibuuraud s medium 

without cyclohcximide. Mucor shows branched 
sporangiophorcs arising randomly along aerial 
mycelium. Rhizoids are absent. Rhizopus has 
rhizoids, and sporangiophorcs arise in groups 
directly above the rhizoids (big. 65.14),. 

Otomycosis 

Otomycosis is a fungal infection of the external ear. 
If is a very common disease and is usually caused 
by species of aspergill! (A niger, A. Amiga fus) and 
penkillia. The symptoms are itching, pain and 
deafness. Secondary bacterial infection, commonly 
due to Pseudomonas and Proteus, causes 
suppuration* Diagnosis can be made by 
demonstration of the fungi in scrapings and by 
culture. 

Or . i DM YCOS IS 

Mycotic keratitis usually follows corneal trauma. 
Fungal spores colonise die injured tissue and initiate 
an inflammatory reaction, leading to hypopyon ulcer 
snd endophthalmitis, If not recognised and treated 
early, ennieleati a n may become necessary. The 
widespread use ofcorticostcriods in ophthalmology 
has resulted in lifs increased incidence of 
kcratomycoris. 

Many saprophytic fungi can cause ocular 
infection, Aspergilla* species, Fusamrni and 
Candida &lbk&m being most often responsible. 
Diagnosis may be made hv examination of 
deep scrapings. Superficial swabs may not show 
rite fungus. Local application of amphotericin B, 
Nystatin and Pimarkin (Natamyan) may be 
useful. 

M ycotic Poisoning 

Many fungi form poisonous substances. Mycotic 
poisoning is of two types - mycetism in which a 
fungus, which is eaten for itself causes toxic effects 
and mycotoxicosis in which fungal toxins 
contaminate some article of food. 
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Fig. S6-14 Common contaminant fungi culture m&unls. Pvnicimtp showing the 'penicillus' or brush,, consoling 
of chains of spores emending from lbs ends or shgtl bnmchss ol conkcHophnres. A$pnrgittiJ^ showing 
unbranched non septate eonirflophorcs. terminating in a globose vesicle bearing phi a! ids From which arise 
chains ol conldia, Mu cor showing nenseplate mycelium withoul rhiznlds. [roolllke structures). 
Sporangiophores, which may be branched. terminate rn large globose sporangia containing numerous spores. 
Rfitiopus showing ncmseptate mycelium with rhlzoids. Unbrenthad sporangmphores stIse opposite rtiizokJs, 
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Myoetism has been, known from ancient times, 
several varieties of poisonous mushrooms haring 
been identified as inedible. Mycctism may cause 
gastrointestinal disease, dermatitis or death. The 
hallucinogenic agents fd-lyscrgic acid, psilocybin) 
produced by the Psikxybe species and other fungi 
have attracted much attention in recent years, 
Tht best known my cot Min is 'aflatoxin 
produced by Aspergillus tbmis. It is frequently 
present in mouldy foods, particularly in groundnuts, 


corn and peas. It is highly toxic to iflitnds and 
birds, and probably to human beings as well. It can 
cause hepatomas in ducklings and rata, and ns 
possible carcinogenic effect in human beings has 
caused great concern. There have been, several 
reports of'aflatoxicosis from India, involving human 
beings and animals. 

ErgOtOtticosts (ergotism) is due to the toxic 
alkaloids produced by the fungus Chviceps purpurea 
while growing on the fruiting heads of rye, 


Further 

Evans EGV et al (eds). 19S9. Medical Mytrofog$\Oxfotd: Oxford University PWxs. 

Kibbler CC et al. 1*9^96. ffrndpfej and Practice of Cluneal Mycology. Chichester Wiley. 
Kwuci-Chung Kj and JE Betinen 1S2. MtdicaSMycology. Philadelphia;- Lea and Febijger- 
Richardson MD and DW Warnock 1993. fungal Infection, Oxford: Blackwell. 

Rippon JW. Media! Mycology. Philadelphia; WB Saunders. 
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ANTIBIOTIC SENSITIVITY TESTS 

A pm from rare exceptions like Strep, pyogenes, 
pathogenic bacteria exhibit very great strain 
variations in susceptibility to antibiotics and 
chemotherapeutic agents. This is particularly 
marked in the ease of Staph. aureus and Gram 
negative bacilli. Therefore, it is essential to 
determine the Susceptibility of isolates of pathogenic 
bacteria to antibiotics that are likely to be used in 
treatment. Antibiotic sensitivity tests are of two types, 
diffusion tests and dilution tests. 

Diffusion test: Here the drug is allowed to 
ditlusc through a solid medium so that a gradient 
Is established, the concentration being highest near 
the site of application of the drug and decreasing 
with distance. The test bacterium is seeded on the 
medium and its sensitivity to the drug determined 
from the inhibition of its growth. Several me thods 
have been used for the application of the drug. It 
may be added to ditches or holes cut in the medium 
or to hollow cylinders (Heatly cups) placed on it, 
The method most commonly employed is to- use 
filter paper discs, impregnated with antibiotics. 

The disc diffusion method uses filter paper discs, 
6.0 mm in diameter* charged with appropriate 
concentrations of the drugs , The discs are stored 
dry in the cold. They may be prepared in the 
laboratory or purchased commercially. A suitable 
dilution of a broth culture or a broth suspension of 
the test bacterium is flooded on the surface of a 
solid medium (Mueller*-Hinton agar or nutrient 
agar). The plate is tilted to ensure uniform spreading 
and the excess broth pipetted off, Inoculation may 
also be performed by spreading with swabs. After 


drying the plate (37 ^ for 30 mins), antibiotic 
discs (four or live per 10 cm plate) arc applied with 
sterile forceps, After overnight incubation, the 
degree of sensitivity is determined by measuring 
the zones of inhibition of growth around the discs, 
Growth will he inhibited around discs containing 
antibiotics to which the bacterium is susceptible 
but not around those to which it is resistant. 

The diameter of the rone of inhibition is 
influenced by a variety of (actors, such as difthsibility 
of the d rug, the disc concentration, the nature and 
composition of the medium, its thickness, presence 
of inhibitory or stimulatory substances, pH and rime 
of incubation. It is, therefore, necessary ro 
standardise all the variables. It is also necessity to 
check the potency of the discs periodicallY' using as 
control a standard bacterium of known sensitivity, 

such as Styph. mrcus Oxford strain (NCTC 6571). 

There are several recommendations regarding 
the antibiotic concentrations to be used in discs. 
The Kirby-Baucr and the ICS methods are in 
common use. Table 66.1 shows the disc 
concentrations and the critical zone dies for 
antibiotics in Common use. 

A suitable method for routine use in diagnostic 
laboratories is the technique originally described 
by Stokes, This incorporates built-in controls 
against many variables and therefore provides 
dependable results, A standard sensitive strain of 
bacterium is inoculated in the middle third of the 
culture plate. The standard strains used are Staph, 
aureus ATCC 25923, E- co!i ATCC 25922 or 
Ps.aeruginoM ATCC 27953, depending on the 
bacterium to be tested. The test bacterium is 
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inoculated. After overnight incubation, (he 
'minimum inhibitory concentration 1 {MIC) is read 

by noting the torwest concentration of the drug that 
inhibits growth. The 'minimum bactericidal 
concentration'’ (MBC) is the lowest coiwentntioo 
of the drug that kills the bacterium. It can be 
estimated by subeulttiring from the broth, tubes that 
show no growth on to suitable solid media. 

The ‘agar dilution' method is mote convenient 
when several strains are to be tested at the same 
time. Here, stria! dilutions of (he drug are prepared 
in agar and poured into plates. The advantage is 
that many strains can be macul a ted on each plate 
containing an antibiotic dilution. Automated 


versions of sensitivity teats are available and are in 
use in large laboratories- 

A ntibiotiu aafluya in Ibody fluid®: These 
are required to verily whether adequate drug 
concentrations arc achieved in blood and other body 
fluids,. and to guard against excessive blood levels 
of potentially toxic drugs. The assays are generally 
done by making serial dilutions of the specimen 
and inoculating standard suspensions of bacteria of 
known MIC, Assays can. also be done by the agar 
diffusion method. This depends on the direct 
relationship between antibiotic concentration and 
the diameter of the zone of inhibition with a 
standard sensitive strain of bacterium.. 


Further Rending 

Lonian V, 1984, Antibiotics in laboratory Medicine, Baltimore; Williams and Wilkins. 
Murray P ct al (ids). 1995. Mania! of Or/ucal Miembsobgy. WuhirgnMi: ASM Pte&i. 
Williams R) and D! Hermann 1998. Containment of antib iotic resistance. Science 279il 152 




An Important contribution of microbiology to 
mediant has been immunisation, which is- one of the 
most effective methods of controlling infectious 
diseases. By systematic active immunisation, many 
developed countries have virtually eliminated 'vaccine 
preventable diseases' (VTD) such as diphtheria, 
pertussis, tetanus, measles, mumps, rubella and 
pobomyditiSr The global eradication of smallpox, of 
course,, has been the crowning glory of immunisation. 

Immunoprophylaxis may be in the form of 
(1) routine immunisation, which forms part nfbasic 
health care, or (2) immunisation of individuals or 
selected groups exposed to risk: of specific infections. 

Routine Immunisation 

Routine immunisation schedules have been 
developed for different countries, and modified from 
time to time , based cm the prevalence of infectious 
diseases,, their public health Importance, availability 
□f suitable vaccines, their cost benefit factors, and 
logistics. In India, the Expanded Programme on 
Immunisation (EFI) and the Universal 
Immunisation Programme (U1P) have been able 
to afford protection for much of the target 
population against VPDs, 

The National Immunisation Schedule in force 
in India is shown in Table 67,1. 

In India, EPI and UIP have led to a significant 
decline in the recorded incidence of VPDs, as well 
as of infant and child mortality. For example,, it has 
been reported that in 1992 alone, 1.7 million lives 
of children under five yearn were saved, as compared 
to the mortality figures in 1984, the year before 
LHP was started. 


fable 67.1 National immunisation Schedule 
{INDIA) 


Age 

Vaccine 

At birth 1 ,...,. 

BCG, OPV-O 

4 weeks ...... 

BCG 3 , 


DPT-l,OPV-l 

10 week] . 

DPT-2, OFV-3 

14 wceki ...... 

DPT-3, OPV-3 

V mcmitis . 

Mckflei 

14-24 month* . 

DPT, OPV 

S-ft year* ■ ,. =, , 

DT 1 

(icJmmjlI entry! 


10 yeart 

TT J 

14 vears . 

TT' 

Fur prej^iiicll 

TT-1 lKf booster 

women 5 


One month after TT’l 

TT2 


Note; t. For iettlnm&riil binhi only, OPV-O it 
addLiioita], and not tu be counted Tor 
tbe primary course nf 3 dare inning at 
r? w«lu.. 

2. Only for 1:1 Illii I a th>4 ititcil BCG it 
birth. 

>. A second dose of DT tp be ipycn In 
children wirti w> docurntniary evidence 
of ftntaqf a l" primary DPT Em.tnuniH.tior. 

*. A second don of TT ro be given after 

pile inupth to [htnc vrilh op rcutlii or 

hiatuiy of prior DPT, DT trf TT 

i minimi iH.ti.on. 

5. I'<ty prcvmtiDn at bctiniu in the neonate 
printArily, but also ir (lie mnrtier 
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Immunisation with three doses ofOPV has not 
been consistently effective in India and other 

developing countries,, with high rates of 
seroconversion failures. This is sought to be met 
through the strategy of 'mop up" rounds by giving 
OPV no all the children in an area on the same day, 
expecting natural spread of the vaccine virus among 
the children to reinforce immunisation. These 
rounds are preferably held during October ha April, 

as the polio season in India is from May to October, 
with a peak ia July-August, 

Different countries employ different immunisation 
schedules depending on thdr priorities. 

1 Mm I 111 M iMMHMsATinHJ 

Vaccines offered under national programmes are 
limited by economic considerations and so some 
important vaccines may be omitted because they 
arc costly These may be supplemented by individual 
initiative, whenever possible, 

11 c|> ut it is It \ Lioeirii;: Many developing 
countries, including India, have high endemkity for 
this vims. Perinatal transmission and acquisition of 
the virus infection in the first five years «t life are 
common ifi, such Ijreas, in contrast to low endemic 
areas where infect Lon is usually acquired in 
adolescence or adulthood from sexual or household 
contacts, contaminated needles, blood or blood 
products or occupational exposure. Besides the 
morbidity and mortality due to acute and chronic virus 
infection, chronic carriage which may be very 
prolonged is itself a serious public health problem- It 
has also become an economic problem m carriers are 
denied entry or employment in many foreign countries. 
Inclusion of the hepatitis B vaccine in routine 
childhood immunisation will therefore he beneficial 
The feci that a quarter to half tire adult dose of the 
vaccine is adequate for children brings down the 
cost. Till it becomes part of the national 
immunisation schedule, it would be desirable to 
have the vaccine administered In as many children 
and adults as possible by individual immunisation 
or through voluntary agencies, The recent reduction 


in cost of the vaccine as a result of indigenous 
manufacture, has made mass vaccination more feasible; 
MM It V’.il cine: The composite measles™ 
mumps-rubella vaccine is employed in die affluent 
countries but in the developing countries only the 
measles, vaccine is given at nine months, die earliest 
age when it is likely to be immunogenic in. the 
presence of maternal antibodies in the baby. 
Whenever possible, a dose of MM ft vaccine may 
be beneficial at 16-24 months or later, not only to 
reinforce immunity against measles but also to 
protect against mumps and rubella. 

Ykrictdla vaetrinei Chickcnpox is very mild 
disease in children, but in adults it can be serious 
and even fatal In most parts of the world, diidcenpox 
is very rare in adults,, but in some areas in the tropics 
it is not uncommon. The age of incidence of 
varicella is reported to be rising. Varicella vaedne 
had beers used for many years in 
immunocompromised children. Recently, with the 
development of a more stable and effective vaedne, 
its scope has been extended for general use for 
prevention of varicella, and herpes zoster. The live 
attenuated vaccine is recommeded! as a single 
subcittpireiMrs d^re in children 9 months- to 12 years 
of age, and as 2 doses at an interval of at least 6 weeks, 
in those older, Pregnancy is a irontra indication. 
Typhoid vaccinet Typhoid fever continues to 
be a major public health problem in the developing 
countries, Immunisation against typhoid is a real 
need, particularly in view of the spread of drug 
resistant typhoid strains. The original typhoid 
vaccine is not widely used because of its uncertain 
benefit and frequent adverse reaction*. Two recent 
typhoid vaccines, the live oral Gal-E mutant 
vaccine and die injectable purified Vi polysaccharide 
vaccine may be acceptable because they offer 
prolonged protection and are free from re action t- 
They are recommended for i mmuniation of those 
five years old or above and «o may be employed at 
school entry; 

Immunoprophylaxis of individual diseases has. 
been described in the respective chapter*. 
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Tetanus as j. result of hospital infections :is now 
rare but should be kepf In mind and toxoid 
administered to nonimmune patients before elective 
surgery. Many cases of neonatal tetanus have 
occurred due ro the use of contaminated umbilical 
cord ties, 

2, I rinjiry trsict rnffcolifirtKi Even with 
adequate precautions, catheterisation in hospitals 
leads to urinary infections in about two per cent; 
with indwelling catheters, the rate goes upto 50 
per cent or to ore. E- coll Proteus, Px. acmigincss 
and other Cram negative bacilli arc the causative 
agents. Mixed infection is common. Infection can 
lie prevented by strict asepsis during catheterisation. 
Indwelling catheters arc to be used only when 
unavoidable, and then only with proper closed 
drai nage. 

3, Respirator) infections: Aspiration in 
unconscious patients and pulmonary' ventilation or 
i nstrumentation may lead to nosocomial pneumonia, 
particularly in those with pre-existing 
cardiopulmonary disease. Multidrug resistant Staph, 
aureus and Gram negative bacilli arc the common 
pathogens. Antibiotic treatment is unsatisfactory. 
Postural drainage ls useful lii the prevention and 
management of such cases- 

4, Hacteremiu and septicemia: These may 
be consequences of infections at any sire but arc 
commonly caused bv infected intravenous cannulae. 
The longer the cannulae are kept in situ, the greater 
the risk of infection, 'Cut-downs’ on the kg veins 
in infants or children with diarrhea generally get 
left in place for long periods, the site being bathed 
in diarrheal stools. Phlebitis sets in with consequent 
bacteremia. Many a child admitted with diarrhea 
thus dies of septicemia. Gram negative bacilli are 
the common pathogens. 'Cut-downs' are safer on 
the arms than on tegs.. Intravenous rehydratinn in 
diarrhea should be restricted to emergencies and 
should he replaced by oral fluids as early as possible. 
Infection can be prevented by proper skin toilet 
before 'cut-down' and the qse of stainless steel 
needles instead of plastic cannulae, 


Stiph. epideetmdis bacteremia is seen commonly 
in patients with artificial heart valves. Bacteremia in 
those with valvular defects may lead to endocarditis. 

Diagnosis and Control of 
Hospital Infection 

Hospital infection may occur sporadically or a* 
outbreaks. Etiological diagnosis is by the routine 
bacteriological methods of smear,, culture, 
identification and sensitivity testing. When an 
outbreak occurs, the source should be identified 
and eliminated. This requires the sampling of 
possible sources of infection such as hospital 
personnel, inanimate objects, water, air or food. 
Typing of isolate - phage, haeferioein, antibiogram 
or biotyping - from cases and sites may indicate a 
causal connection, Obvious examples of sources of 
hospital outbreaks are nasal carriage of 
staphylococci by surgeons or pseudomonas growing 
in hand lotions. Carriers should be suitahly treated. 

Sterilisation techniques have to be tested. The 
cause of infection may be a defective autoclave or 
improper techniques such as boiling infusion sets 
in ward sterilisers. A careful analysis of the pattern 
of infection may often reveal the source but 
sometimes it dudes the most diligent search. 

It must be emphasised that control of hospital 
infection should be not merely a spasmodic exercise 
to be employed when an Outbreak occurs but: rather 
j permanent ongoing activity in any large hospital. 
Every major hospital should have "infection control 
teams 1 consisting of microbiologists, medical and 
nursing staff and hospital administrators. Besides 
investigating and controlling outbreaks, their 
functions include formulating appropriate 
guidelines for admission, nursing and treatment of 
infectious patients, surveillance on sterilisation and 
disinfectant practices, determining antibiotic 
policies and immunisation schedules, and educating 
patients and hospital personnel on infection control. 
Such measures help in reducing the incidence of 
hospital infections, even if they do not eliminate 
them altogether. 
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Unfortunately, in many hospitals, infection 
control is attempted by resorting to more and, more 
of antibiotics. This is not only futile hul may even 
be positively harmful by encouraging selective 
colonisation by inultiresLHtant pathogens, In the tinal 
analysis, prevention of hospital infection rests on a 
proper understanding of aseptic practices and 
meticulous attention to hygienic principles. Sir 
William Osier's aphorism that 'soap, water and 
commonsense are the best disinfectants'applies even 
today in the context of hospital infe ction. 

liioMiiiicM Waste Management 

EUomedical or hospital waste means any waste 
generated during health care, research, testing or 
related procedures on human beings or animals 
conducted in hospitals, clinics, laboratories at 
similar establishments. This is far more dangerous 
and offensive than domestic waste, It contains 
infectious or other hazardous materials that may 

f 

injure, infect or other wise harm patients, their 
visitors, hospital person nel and the public at large 
in several ways. Biomedical waste if kept untreated 
would ferment, attract flies and other insects, birds 
and animals, making the place filthy and unhygienic. 
It contains ’sharps' such as needles or broken glass 
that can cause injury and infection. Discarded waste 
attracts ragpickers who may repack disposables or 
drugs and sell diem. The waste may contain harmful 
chemicals and radioactive materials. I ,iquid wastes 
can spread, seep into soil and contaminate wells 
and tanks polluting them, Unless carefully managed, 
biomedical waste can be serious pollutants of soil, 
water and air, 

With public opinion rising against 
environmental pollution, governments across the 
world are forced to bring legal restraint?: in this 
area. The Govcrmcnt of India has promulgated the 
Medical Waste (Management and Handling) 
Rules, 1998 under which the persons who are in 
charge of medical and other institutions where such 
Wastes are generated (called 'occupiers’) are held 
legally responsible for maintaining the conditions 


prescribed in the rules, which have come into effect 
from 1 January 200.7. The occupiers have to obtain 
due authorisation from the prescribed authority 
after setting up the required waste management 
facilities. 

Quantity and Types of 
Uiombdjual Waste 

The amount of waste generated in hospitals under 
Indian conditions has been estimated as 1 to 2 kg 
per bed per day. This is composed of different types 
of infectious waste, not ail of which is infections. 
On an average about 8? per cent is harmless and 
15 per cent hazardous, 

Harmless waste is paper, cardboard, cartons, 
flowers and ordinary office, or kitchen, waste akin 
to domestic waste. 

Infections waste is any waste likely to carry and 
transmit any type of pathogenic microbes, This 
includes human or animal tissues or organs 
removed at biopsy, surgery or autopsy, placenta and 
Other peoducts of conception, any pathological fluid 
or diach urges, dressing, swabs and Other soiled 
items, laboratory samples sent for oiicrobiologjv 
pathology and biochemical tests, all microbiaL 
cultures, used syringe needles, used scalped blades 
and other sharps. 

JVtiDud&ctfcra*/rann&KU waste maybe chemical 
(toxic,corrosive, inflammable, reactive and 
otherwise injurious), radioactive (handling and 
management of which are under the direction of 
the Bhabha Atomic Research Centre), and 
phumtCOlogical (surplus- or time expired drugs) , 
Wnsle management: A primary prerequisite 
for effective waste management is a clean and tidy 
environment. Waste tends to accumulate in dirty 

B 

surrounding. The hospital and its premises should 
be kept in a clean and hygienic condition. This 
requires frequent soap and water washing, moppi ng 
and good housekeeping. 

The objectives of hiowaste management are to 
prevent harm resulting from waste, minimise ins 
volume, retrive reusable materials-, and ensure safe 
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bile solubility test 217 
biomedical waste disposal 617 
bird flu 302 

bi^rarth *ub? alkyl* te Kill 
Bimer virus m 
BK virus 563 
black death 32fr 

blastci^cfsic (mitopenk) (actor (BF7 

MR HI 

blMtontyces dermacitsdis 622 
blastomycosis 621 
bias-to spates 61,2 
blood group* 

A arid its subgroups IS4--35 
Aba hemolytic disease LEM 
Abo system 1M 
and disease* 131 
cross matching 1S:-I 
Lewis system 111 
medical applications of 1X2 
mn system IflZ 
'O’ group m. 

•OH 1 (Bombay) HE 
Rh system L Sh 
anti bodies 1M 
antigens Eii 


■nunuMabon, pmwifkin of 197 
inheritance- 1LI 
blood transfusion 137 

blue pus 120 

blur tongue virus 522, 521 
body louse 31b 
buevin antigen 12, 291 
Mi i y r bodies M2 
Bolivian hemorrhagic fever 569 
bone marrow culture 2M 
booster dose 134, Ml 
Bcsdet-Gongwi medium WY Ml, 342 
bnftlmlh 139-44 
bronchtsepoea 344 
epidemsology 342 
laboratory diagnosis 342 
parapertussis 3-14 
pathogenicity 

pertussis- (earlier Haemophilus; 
pcrnusLs.) ill 

Imam (PT) 344 
prophylaxis M3 
treatment Ml 
variation 311 

Bornholm disease (epidemic 
pleurodynia) 497 
botwj A Jh'i. 377, 336-39 
burgdorferi 389 
durtonii 3B6 
epidemiology 
hiermsiL 3M 

laboratory diagnosis 388 
morphology 390 
parked 3Sh 
pathogenkiry 391 
prophylaxis 393 
rrasrrentb- 396 
treatment 389 
vifipenti 30H 

botTyomycosk 402, 618 
botulism 263 

bovine spongiform encephalopathy 

5b7 

kwHykinin In3 
twanhamella 2 29 
bianhamdla catarrhaiis 21, 410 
fcnxy 25-1 

brarihiri purpuric fever (BPF) 337 
breast cancer US 
Brill- Zinsser disease 415 
bromovinyl deexyuridine (BVDU) 459 
brownian movement 15 
hfunetla 50 
abortus 345, 34-6 
antagenk structure 346 
bacteriophages Mdt 


cards .345 
mcLtensis 348 
iKotomat _Ujj 
nvis Mb 
suis Mb 
brucellins M0 
brucellosis MO 
butfsdo pux 468 
bukholderia 
cepacca 121 
mallei 321 
pseudomalki 321 
Bunysmu*ura virus 532 
bunyaviridae 447, 522-24, 312-34 
bunyavrrus 447 

Burkitt’s Ivmphoma iSi'L 483 574, 

526 

burst «se 438 
huQ'ri vibrios 2>.h 
Butaler's selective media 4117 
bystander cells 111 

c 

calcLviridae 365 
camp reaction 211 
California cnccphaEtis virus 532 
cv^Tnmjffirbsctetkuri gnmnfematk 4fl4 
cam el pc™ 46E, 471 
campy BAF seleerisT media 402 
Campylobacter 4*li3— 44>7 
ciiuedi 402 
coli 406,302 
conciseus 43Hi 
fcnnellsae -tfl? 

ftjUfii 406 

priori (H pylori) 407 
sputwum dOh 
canarypos 468 
Candida 600 

ribion 155, m hOL^lO, 612, 
613* 616-17, 627 
guilliermondi - 617 
kru*ei <:■! 7 
pckrapsiloxi* ti 1 7 
pscudoempnc-alij. 6 . 1 7 
stclhroddae iii2 
tropkaJis 6ll 
viswstnaihiL 617 
Candida granuloma 616 
cuaidow 5B9, hl.6 17 
caprKKyrophaga 410 
capripox virus 468 
capsid 444, 445 
capsomers • 1-16 

capsular paJy'sacdhsrtdc 217, 218,219, 
221, 334, 115 
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cmiruremibryunk antigen lSl 
c-iidiobactericHii hcrnimn 4-10 
tnrdinllptn uitit^n 379, 1 Kii 
^urdicniTuiEri 4 '/I I 
carriers fr!l •' :j i ■, •■I I : ! 

Jimnii 65, 297 
contact 65, 297 
convalescent id± 297. JaiLS 
healthy 6L 291 
paradoxical tii 
temporary ^ 29 7. 

G ij - Eln r medium Ills 9 V.' 

mediod 29M, 348, . V." 1: , 

936 

cataJase-pccojaidasc test (tubercle 
bacillus) 253, 

catalase productua tot ^ 277. K)7. 

4oa 

cat scratch disease 421 
cdl marker 122 
cd t cell marker 11± 
cell cultures 419 
cell death, [cytocidal tfttl) 222 
cell mediated immunjiy (CM3) '117, 
111. 142, I5J, 155,15ft, 302,571k 
.171, 372, 173,3iH,4BL45S. 47b, 
508,514,517,550 
tie sec nun of U4 
Junctions (iciipe; 143 
induction of 143 
transfer factor of M£s 
in viral infections 
cellular 

changes (cytopithic effects) 449 
injury -’449 

proliferation 449. 455 
cerarophyQui fasdatus Uli. 
cercopithecus aethwps 541 
rttrimidi (cetukn) 33, 283, 320,321 
CF antibody rest 425 
chanciT 379 
chanomd 137 
chandipura virus 522, 334 
Chang c'p'Vk line 44! 
Chediak-Higashi lyndrume 153, HZ 
chemiluminescence ismumiMy liiS 
drucmo-ciriRanotrophs 397 
chemotactic factor Lil 
chcmotrcfihs 2D 
chkluui chulcta 2 
bacillus 2 
vaccine i 

chick embryo technjkjuet, 506 

chickenpH-.™ 3 j. -Hti. : 9 s 83 , 635 

chick martin teat 3.3 


thigger-bwiw typhus dlb 
ehikvnguma virus 522, 524, 525, 530, 
534 

chimpanzee coryza agent 5 l o 
chlamydia* 422-29 
classification 424 
human diseases caused by 424 
laboratory diagnosis of 
chlamydial diseases 424 
morphology and growth cycle 422 
pneumoniae 422, k-'J 
psiltan -12 I 
trachunuatix 434 
. ni_nivili.i.-.:-., gtritfid 427 
cWarnjudospores 612,613, f■ 17 
cldorhcxidine (hibitanc) 32, 199, 275, 
2M 

chkrurcylenol 729 
dueobte myar 224,225, 228 
cholera 

epidemiology 111 

immunity 315. 

HKvibaiion period ■ -i, 309, 31Z 115 

laboratory diagnosis 313 

pathogenesis 3i)9 
prophylaxis 315 
treatment 3lfi 
vaccines 3l5 
vibrio 2, HD 
cholera red reaction 9i7 
dunloiHHnfidK 4615 
chorioalLiriioie membrane (CAM) 
5.17, m, 3*1 439 
Christensen’s urease medium Jti 
aistvipLra 377 
chromcifcacteiiiLm 603 
ohmnoobacierium violacnim 4i;.| 
chromoblasromycosir (mum 
dermatitis} til 7. 619 
chionwmyeiuflis 61S 
chronic fatigue syndrome 484 
chronic granukuimta (gummata) 390 
chionsc granulomatous disease 15? 
chronic 5 m ■ it u ttosup pres si ve therapy 
HI _ 

chronic obstructive pulmonary disease 

(COPD) 403 

citrate utilisation [til 4fr. . > 3, 
citrobarter 274, 280 
citron bodies 35h 
cladkispotium 618, 619 
clivuxfw purpurea 627 
clcme 35 

clostiridia 298-65, 269 
clostridial ntyanecroais 255 


elosrridi™ 

arttobvtylioim 24g 

aoofbetidusn 275 

bifermenians 255 

batidimirp J49,25^ 25^ 263-64, 

huiyricum 2415 

chsuvoei 2511 

cochLearum 250 

difficile 151,265 

ftlln 251 . 231 

histolyticum 251, 214 

novi i (Cl oedema tic ns) 119 

pentijigeiLi 219. . '51 

septiaun 251. 254 
sortidli 255. MS 
sphenoid «• 250. 2tilf 
ipurofcnes. 21 i, 255 
ternu.in 24^, 251 
retani 249, 251,25Z 
tetanomorphnm 25i), 2 In. ?65l 
i lm.CfT (at dillerentiatiPR (CD) 
rnvrkfcrs 122 

CD4T«Uain 

CDS T cells 122 

uTK^uksr 69,192, 193, 194 
coagg hid nation 195 
coccidi.nclal gtanulomsi 623 
cctcidoidc* immitis 622 
CckxldmL<iiMimui lh 141. 623 
codon 52^ 52 
coinfection 

Lolkinogcnii; factor 57, 467 
colicins 5SS 
colitoms 271-3t4 

colifrym badlU contaminatiori tests 
604 

colistin njJpbme 135 
collagen diseaec 17.3. 174 
colojiisaticm fictor antigens 275 379 
edmy Hunukting batcas 127, 143. 145 
ccikirado dek ffttr 522, 524,534. 57l 
colostmm 7h 
commensals M 

oominon mid (see also Ehi'Kmnjte*) 19? 
compicnicncation 445 
complementarity determining region* 

137 

complement (C) system 4^ 110-16 
activation. Ill 

altematii^ C ptdntljf 111 

biological ejects of 11.1 
bicnyntbrth oi' Hi 
cascade 112, 113 

classical C pathway 114 
components of (C1-C9) 115. 
cong)utiiuting component Hi. 
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deficiencies 11S 
generiS properties 110 
inhibitor, deficiency 1 IT 
regulation of C activjrion LLS 
complement fixatra test HO 
eontamralin A 111 
concentration methods 3-5" 
cundyEumu acumiiunrm ih2 
conglutination Hi 
conjglurirLin (K) Hi 
rcmidia, types 611 
conjugation 1Z 
conjunctivitis 

acute follicular dfi-i 
acute hemorrhagic 499 
angular 410 
SoOahx 477 
eowiruttve enzymes 51 
contact dennaJtilii (hyperscn'itmly) 

m 161, m 

contact inhibition 111 
ccmtapoua disease ti£t 
enfitaginu* nenjjnlyuiplwmatosii- Hi 
contagious pustular dkarrtaikii 46S, 473 
CMLtajpu.ni vivum ] 

Coombs test 99.172,166 IBS. HQ. 
191, 349, 398 
cofuraantibodie* US 
ecud factor 171, 453 
comimea] agar 611 
eononavinises 44$, 569, n 74 
eotyrtcfcacteriurti ITT Hi 
acne 240 
ijiphthttijc 2-lu 
cqud 240 

minurissimum 24U 
parvutn 340 

pseuiJodiphtTieritici.iin XHi 
p«udon»bwctdtwi* 210 
rthlilf 240 
uLceruns 340 
Ketosis 240 

cough fJ^te method 342 

councilman bodies ill 

ce u nter i m m unod ectrop ho res i s ST 

fflwliy type A inclusions 430 

wpa i 4, 468, 472 

CcodeJIa burnetii 2^ 4] j, 419, 4-20 

ctntBicklc vimses. 49U, 491 „ 495, 496, 

497, 49R, 347 

Craigic's tube 43, 2 '-'2, HI 

C-ceierLvc protein 21 S 

Creek's method 221 

Crimean Congo hemorrhagic fewer 

viruses 3.31. ill 

critical mass Y?0 

cross reactivation (of marker rescue) 


* 

443, 444 
croup >13, 515 

Creurafddi-Jalcob disease 566, 567 
cryoglobulinemia S4, 

Cryptococcus neofbrman* Lit) 
CtMtophalides felk 421 
culicoidcs 312, 534 
eaten ni-afl)uito« 526 
culture 
edl439 

indications for 33 
methods 39-‘=1 
anaerobic JU 
continuous 4fl 
pour plate 19* H] 
stab 32 

streak stroke 32 
sweep phw dU 
culnue media, types > > ■>> 
cutaneous basophil bypersaieativrty 166 
cyrocklal (cytolytic) rests [ill 
cytokines 14 Y iSS 
CyKJy fct 11X449. 4 52, 521 
cytolytic react km 1M. 

IS" . 4611-82, ~77, 6.35 
clinical features 451 

laboratory diagnosis i£2 

cvtopatisic dfcsi (CPE) 1 ^4114H7, 506 
cytoplasm H, 11. Hi. 435 

eymplasifuc inclusjcmi 12 
cyrasLTte arabdnoyde L41, 459 
eytotomc reactions It*!. 16 Y 
Czapek-Dcm medium 611 

D 

dakar vaccine 122 

13 antigen IHft 

dam particle |il 

dangerous O group 1&7 

Danysz phcnnssineiKm 212 

dasypus noverodnerus 571 

ckac dextrin 425, 426 

defective virus 416 

delayed hypersentitiwty skirt test 111) 

delta. lyaLn 1 % 

delta virus IM 

desrtfttraceae (pigmented) wil hajp. 619 
dendritic cells 122 
dengue (break-bone fever) 510 
hemnarhagic few 53D 
shock syndrome HD 
viruses, types 2 to d 524 

liBUKyctbubftE evirate medium ; . 

285. m. 112 

deoxyribonucleases (suefModuituse) 207 
deoxyribonucleic add (DNA) 


dependovirus 4®8 
Dermicentor andeisoni 416, 534 

■lWitli n>rttycc*i J 613 

denfrtfonms*tis 1~ > 

dennarophyrts 613-16, 

dermatophilus 4lHi 

■demvatophytids C‘U' reaction) 614 

dettrdtophytMis 616 

dtMtutiisaijoii, specific 

(hypo sc raj ti sail on) 165 

desert rheumatism (valfey fever) 623 

kma-ti cell Lne 441 

deuteromycetes (hj'pbomycetes/furt^ 

impcrfccti) 611 

detrifln 252 

dapsone 321 

dichuchwi 395 

Dick test 2u2 

didemytidciiosmc (DDA) 459 
didunycytidune (DEC) 45? 
dideiuyinoane (DDI) 459 
dienes method 396 
Digcofgc syndrome iSd 
dilute carbol luchun stain 399 
dimorphic fungi 619, 621, 622 
dimtiochlorobcnzene 166 
diphosp ho pyridine ncuckotidase 
(DPNw) 107 
diphtheria 606, 60S, tdl 
cuianecrus 234 

T<«oid 134. 140.233,237-39, 
361,337 

dipbfhencins 466 
diphtheroids 24Q, 334 
dipk>4occus (see pneumococcus) 216- 
21 

diploid cell strain 44t1 
dip slide eulnice methodi 277 
distrdectaaiti 249, .KI 
chemical 5112 
ideai Hi 

rating of 2£, 33 
disinfection M 
Ddywgic acid 627 
D market 494 

DNA 51, 112,141, ISC. 3B6, 391. 
m. 435, 445, 446c 442. M 2,466 

synthetis 449 

Dt:rd«kin's backUua 267.600, Ml 
Donovania gramdorreirii 
(CdlymBULiciacpriuni groskumds) iQi 
dancftaiMMia 404 

DPT ntcdjw ElH 

iJonut’s egg medium 293, 352 
Dleyer’s tubes 299 
drinking water, classification 604 
droplet nuclei 607 

Copyrighted material 



















drug' resistance (R) factor 1Z 
mutariona] :2 j 

Iniredoiihli: (egnsi imul/in&xtiriut) 51 

dubos medium 352 ■ 
dysgammagjubulinetnia 154 
dysgonic 551 

Ei 

early antigens 434 
early proteins 452. 464 
Eaton agent 399 
e berth el la typhi 79fl 
Kb nuclear antigen 494 
ebda Fever 549 
echo viruses 4- <tH 1 - 11£l 
eclipse ph«is< 436, 465 

Ri-[3syiiij gpmjrrcrmsiim 1 Vi 
eciejrhrix Kjir infection 415 
Eczema herpcticum 476 
EdmonFtun-Zajapeb strain 520 
obwdtttlk 272, 274, 2M 
efferent inhibition 129 
egg yolk medium reactien 4& 
Egvpttaii ulcer 251 
Ehrlich phenomenon 2 jU 
Ehrlichia 412, 417 
sennetsu 41 7 

Ejchwald-Silmser effect 178 
Eajkman test 6434 
Eiknclb corrodens alttl 
dei.'tmcm mu clod iffirson (see 
antigen-antibody' reactions) 
electron microscopy 4ll ( 553, 569, 
570 

dek pel precipitation 236 
elementary hodiex 422, 4}l , 469 
elution 434. 435. 503 
FJV1JH medium 390 

EMRSA m 

encephalitis 197, 47S, 477, £79, 479, 
492, 4%, 522, 523, 524, 525, 536, 
539 

L'crilral curnpejri 525 

fatal 523 
Ihv 477 
vaccine 527 

encephalomyelitis 140. 143 
encephalopathy 343. 344. anm 
endemic tbteatti 2Q 
endemic (or residua]) typhoid 297 
endemic typhus iil 
endothrix hair infection 615 
Lndirloxiua 67, 63 
Entamoeba histolraca 1435, 635 
Entamoeba moritinatalium 461 
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entomopojtvirinae 469 
enteric few {typhoid few) 295-303 
bacteriophage typing 3UO 
■diagnosis of carnets 3110 
drug reaisaanee 111 2 
epidemscitogy 296 
laboratory dLagmicis 297 
prophylaxis 3 ill 
treatment 302 

enrerobBcter 261-64, 64)3, 635 
aero genes 231 
cloacae 2&1 

entciobaereriaceac 271 -44 
clasxitlcatirm .271 
cnrerococeau 203, 234 
entecotosdn 1%. 273, 266 
enteroviruses 434.3&, 4_£ 445, 447, 
490-500. 635 

clinical syndrome 497 
ennriuiH 460 
enzootics 526, 531 
enzyme immunoassay (eia) lOo, 
enayme Linked immunosorbent u Off 
(ELISA) Ido, 457, 582, 390 
enzyme multiplied immunoassay 
technique (EMIT) 1.06 
enzyme neutralisation tests SOS 
eosinoptuiia. tropkal 392 
eosinophil ehemotactie factors of 
anaphylaxis, (ECF-A) 161 
eosinophilic hyaline Lmduskwi hodics 473 
epidemic 

diarrhea of infant mice (FD1M) 
572 

diseases 20 
hemorrhagic fever 525 
kerWKoryjuitctmti? (EKC) 466 
nephritis (ENj 55.3 
nephmsopephritk. 133 
parotitis (see also i dumps) 512-13 
plcun idvriia 497 
polyarthritis 525 
typhus 413 
tpiLlcrmupliyhm 614 
episodic angioneurotic edema 114 
episodic lymphopenia 156 
epasemes 14 
epitope SO. 

epizootics 326. 329,531, 534, 145 
Epstein- Bhtt virus 123, 474,462-85. 
574 r 577 

equine encephalitis virus 523, 525, 
equine mbies immune globulin 
(Eftlg) 5i3 

ergotism {ergoraxLcosisf 627 
erwinia 233 


645 

erysipelas . iJ. 203. 404 
erysiplothritc rhusinpathbe 4tU 
erythema 

anhriricutn epidemicum 
{HaverhCt fever) 4LV> 
duonieum migrabs (annular akin 
lesion) 369 
rtruttiforme dZZ 
noebiwim 330, 331, .362 
erythrbol .141 .347 
erythrobbstosis fetalis 1 til. 188, MX) 
erytbrvjbbEtoFis virus iZH 
erythrocyte (E) antibody (A) complex 
111 

erythrogemc (dick, scariranal) toxin 207 
eteherkhb coli 1Z 5L 54-57.59,67, 
«■ 224.352. 271, 271-90.266, 267. 

12iv !££ 462, 466, 60^602, 635, 

636. 

antigenic structure 273 
biochemical Te-actions 27.3 
clinical inieetitMis 279 
cultural characteristics 272 
entemaggregative (EAEC) 279 
enrtmhenwwhajpc (EHEC) 223 
en tern invasive (E1EC) 278 
pnteropjuhijgenic {EPEC) 226 
enetmnttgsnie fETEC) 226 
enterotcutins, methods for 
detection 213 
virulence factors 213 
escherkhiae 222 
esopbagiris, HSV 4~~ 

E$o (erythrocyte sensitising 
substance) 418 
esthiomenc j2E 

ether 432, 434, 502, 5ll 5|8, 563 

ethylene diamine tctracetic acid 

(EDTA) 242 

eubactenum 3'6Ci. 267 

cugonk 352 

eukaryote Z Lall! 

exaltation 

exanthem subitum {toseob infantum 
or sixth dLnase) 4R9 
exfoliative twdn 197 
exophiala werneckii 612 
wtfwin a 321 
exMoisiris 67. 63 
expanded programme on 
immunisation 631 
expanded rubella rytdrome 564 
experimental allergic 
encephalomyelitis 121 
exphnr culture? 439 
extrapulmoiiary tubereulosis 360 
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Aib fragments 05 
fticnia sp 402 

fiavus (Trichophyton schonleiniL) 610, 
614,616 
£c fragment P5 
&e* iub» m 

fee mentaiiutn 21 
Fernandez's rc-acnon 373 
fetnrrwtenal AIK.) irmiii’ijuhliiEity 1S2 
Ffiwtytf it 
fibriisotysins 69, 2£U 
fibroma 468 

fibronectin (binding protein) 122 
FiCvr boutonncusc 414, 416 
FJobasidieUa bacillispora 621 
Filobasidiella neo form arts 67.1 
hides agar 334 
filuviridite 448, 56? 
filtratinn 2li 

fimbriae 222. 223 
Fic-Hugh Curtis syndrome 427 
flagella {see bacteria, cell w-jjli 
flavivirus 447, 525-26 
flavubanCeriuTn 603 

iiLeEmigosopliouitL 40-1 
fleabome ryphua 413 
(In index 323 
fli^h SJtitig baemn 2SiB 
Fletcher's medium 390 
flocculation M 
fluctuation test 15 
SuMtKcnt antibody test 104, dQS 
tiepnncnul antibody test 104. 
fluorescent dyes 351, 357 
S-fluoranrad] 390 
S-fluorocytosinc 617. 619, 621 
flury --tram 439, 536, 54t 
EulLimliTis 509 

fcmsecaea (harrtiodeudnjm) 618 
Fontana’s method 378, 
food pawning 252.271, 316 
foot and mouth disease 64)6 
forbidden clones L±1 
formal ckhvde 30, 31, 243, 249, 253, 
291, 300, 3-30,4K TO, 513, m 
540, S5h 

formed rncKoid (fluid roxnid) 238 
forscarnet (tn sodium 
ptmsphonyformatc) 4641 
EuiSsimii LLiiligrii 82, 4R4 
fowl plague 5197 
fowlpo-x 468 
F (fusion) protein 5 16 
fiinboeril (sec i L JWi) 
franc isella 331 


tulaicrois 121.331.332, 346 
freeze diving dil 
freeze etching 3 
Fra * test 426, 42S 
Freund's adjuvant 140,169. I7l 
Fuller’s method 205 
fungi 143,229, 610-27 

fimiri imperfect! (deutETLiiEiyeeres/ 
lu'plilJlVlVl'LTcs) 611 

fusiform bacilli 235, 600 
fin ota c i cri um 267, 268, 220 

tususpiwhetnsix 388 

G 

gattlty 11 

gnJ-s mutant vaccine 632 
gammaglobulin 153, 154 
gUhddovtr 4c4) 
ganjam disease (of sheep) 522 
ganjam virus 522, 533 
gaidnerelk vaginalis 229. 410-11, 64) I 
gas gangrene 248. 249, 251. 252. 
anaerobic mywsiTis 252 
endogenous 254 
pmpbykxis and therapy 256 

guxpuk syvlcm 41^ 269 

GB wins 559 

genetic emgi neenng (see barteris.1 
getnetics) 

genital chhmydiasis427 
genotypic mixing 445 
gentamicin 403, 405 
geomchnm 600 

german measles (see also rubella) 563 
aeimidde M. 
ghon Ebcus 355 
giardia ip. MlS 

Gimenea stain method 4l2. 417 
gkmsa stain 324, 378,386, 388,390, 
396, +24* 426, idi 4T& 480. 519, 

540 

Girards EV attain 330 

glandular (cm S3, 170, m, 189* 3E2. 

4U3.4M 

globulin {see immunogLobulin) 
glu«m 152 

giutuilddiyde 31,249,283 

glycuprorein 103, 435, 504, 511 

GM (gamma market) system 91 

goatpox 468 

golfc? apparatus 125 

gonococcus (see dsn mriiscria) 2, 17, 

22,225 

gni iLKn+tca 235 29 

G 536 

grjft 176-80 


vetaus host reaction ISO 
Gram stained smear technique 9, Id 
Graves disease (sec rbyrotwckosis} 
gntSrb typing 203 
gnscoMsTn 616 
Gricss nitrite test 2Z2 
group-specific nucleoprotein antigens 
577, 579 

growth inhibition rear 39?, 398 
Guamien bodies 449. 470 
Guillam-litrrt syndfrune (idiopathic 
polyneuritis) 173.477 
gummata (chronic gtamdomata) 370, 
373 

Id 

hatmssgogus spegazzirus 529 
haemaphysalis 
leachl 416 
spinigera 531 
ticks 530=31 

bacmtipbilu* 224, 333-38, 
acgyptkus 533 
apfuTiptuIvs 330 
ducreyi 337 
haemolytkuE 339 
influenzae 325 
pareJremoJyticus 337 
parainfluenzae 
paraphrophiius 556, 339 
Halftone'* vaedne 330 

liatiiij 2ftl 

Halberetaednee JAnwazek (HP) bodies 

425. 426,4 26 

balophiilic vibrios 316 

band, foot and mouth disease 497 

hantavirus 447, 535 

hanraan virus 533 h 

baploiype 132 

haptens 80* Slj. 83, 379 

hard ohaiictc 379 

I LkShLOiOto's diiL-JiC (IvcilpliuiLccboitL 

S Jne) 112 

assails corpuscles HE 
HAV vaix-inc 548 
bazar* virus 513 

Heat’s multiple puuctuit techuk|ue 361 
beat labile toxin (HLT) 3411 
beat stable toxin 274,279,281,313 
heavy chair) Eh 
disease !£! 

bela cell line +12,425, 426,440, 444, 
475,479. 514, £1£ 

I Id j Ldb 28J, 425, 42<», 475,479, m 

helper virur 43R 

bperroiorptHm 4+0, 449, 504, 5U6. SUZ 
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hema ^gk nLnatLon 1.6, 412, -4 ! 4. -hm, 
499, 502-504, 507, 512, $H 516, 
519, S2L 5:34 

tfiKihiTrews (cart JOT, 39B, 4.5 7, 504, 
507.523. 

IndiLTcci 331. 396 

pjHrre 171231 329, 397, 411 

viral lit 

hcmagghittnin 504 
fi.larpenliinn v KI 

hemolynns 61 195-96. 2il 
hemnlytis Ufl, I !v ,: . ■’ ; i . 2ch 
Jplia, hera 35S 

hemolytk disease of newborn 1 65 , 

las, m. 

henMjffhapr fevers, viral 563 
hemorrhairic Fever with renal 
syndmmr (HFR5) 563 
hendia virus 573 

ht-^ 2 cell line . 4.2. 44 . 447 
hepadnavirus 442, 447 
hepatitis viruses 37. I 88, 4 3-1 517 e l 
viral hepatitis 547 

hepatitis rvpe A (infections hepatitis) 

547 

hepatitis A nms (HAV) 
hepatitis type B (serum hepatitis) 549 
antigen* and antibodies 553 
hepatitis B vinos 43B r 550, S22 
and hepatocellular carcinoma 552, 
553,554 

hepatitis type C 552 
hepatitis type D (delta) 431, 
hi'patitis vrpr F (E-NANB) 559 
hepatitis type G virus 539 
hepatitis, SlANB 559 
hepatitis vaccines 549 
hepattn'dlulaf ciftinumi 5 i 2, 5.53, 
554, |73, 577 

hereditary anpmainolic sdena 114, Hi 

hcrpanpinR (vesicular pharyngitis) iLiill 

herpes febrilis 476 

herpes lrsinps 539 

herpeB sirnplrx 476. 4/h. 4S1 

herperwidae 4' ; 8~ 

herpesviruses 474-35 

herpesvirus simile (B vinw) 

(tiwnithicine herpes virus b -t7H 

herpes aosier {atungiei, zona) 4=^1 

herpes anait*, nph[hafinku% 481 

herpetic whitlow 476 

heterophile antigen (see Fotmtn 

antigen) 

hrlemeniphi 2II 

henems 4Sii 

HFR cell 12 


hit PRP vaccine jj ^ 
hide porter’s disease 3-M 

Hitoibm strain _A ’ I -t 

hing^ region 96, 87 
Hippotates paltippes 365 
Hi*' serum water medium M. 312. 7 
histamine nmtititing falnr (HSF) Ml 

histiocyte (see macrophage) 
hisuHnoniilMly antigens I 
histnplasma 623 
capsulitum 623 

duboisii 623 
hisrnplasmosia 623 
african 623 

history 0( HCkCdHOfly 't-ft 
HIV infection 39, IBB, 541 
HLA molecules U113Q 
alpha L 2 * 3 chains Lffl 
IILA typing 131. 

Hodpldn's disease 159, 513. 562, 599 

bihmncytiStrtiprtni '411 

'ho«TW mnwcwKui 1 SI 
hospital infection 614—39 
ccwnmon ivpes of 635 
diagnosis and control of 636 
factors contributing to 63* 

[mtTnh'inlnro of 634 

--t o r: 1 |vi TSfij equipment **d 

techniques, testing of 634 
hospital waste disposal 636 
Hugh—hie Ann's teat 2 : ' . 3C8 
human body louse {pediculus 
huoudt corporis) 387, 113 
human, dteJmd istll STriiii (HDC8) 
vaccine ill 

human embryonic kidney cells. 3!l9 
human gammaglnbiclin Z2. 
human immunodeficiency virus 48? '-’bi 
AIDS related virus 567, 58B 
antigenic variation and diversity 
«f SR4 

immurunJcwricii abnormalities of 

m 

leii t hit Lists 594 

pathngEncux 566 

resistance 5S5 
tiies, of isolation ^ W 
smictuie of 5£3 

human herpesvirus type ^ 3^ 9 4*4 
human leukocyte antiprn (HLA) 1 .hi 
complex 130 

human papilloma virus (HPV) 525 
human rabira immune globulin 

(HRIg) 541 

human T odJ fcwfeemk. virus 0 ITLV’I 

53 a 

human T cell lymphocytic wus-lll iZS 


Hunterian chancre 379 
h y il omm ticks 41!v i5 ’, .5.34 
hybridomas HZ. 

hydrogen sulphide production te?r *£■ 
hydrophobia ^ 537. 53B. 5*4 

hvdrnphobinpiu4iia (lypsaphohsa) 2__ 

hjpet IgtK syndrrenw LSR 
hypersensitivity 9^ 10 i, 159-tiE. 261 
ample 164 
classiticaticm of I ■~ , f 
delayed (ot cell mediated) 152. 

immediate 1 ^ 4 
immediate vs delayed 160 
types of reactions and their 
features 160 

h’j.pnrhytuidjxm (niyvedema) 172 
hjpoJtanthine phiwhocibnsvl 
transferase (HFttT) 13Z 
hypha 610 

1 

It antigen I 

birogcnic iriections 634 
1CRC bacillus m> 325 

kiaxa 

idnxyurjdine (IDU) 4 9 

u.!' tta4,ijnn (see dermatophytids] 
tiheus vims 526 
immune adherence I'UI, IM 

IdUHMK complex (of tmuc •Lomplex 

diseases) 135, 160, 165 
immime cytolyEis HI 
immuile eliiStL-rtatifirt 75, I i ^. 26 I 
immune mstpouse 1 ^4-^ 1 

cellular (delayed hyperrensitivitv) 
133.139. 142. 
effeer of antihody 1 34, MS 
effect of malmirrition 139 
genw 13*. 12Z 
humoral LMl 
in malignancy 1M 
pegacivfc phase J_ii 
primary 133 
iccondiry 153 
immune RNA 122 
immune system 117-3t 
immune rolerance 122, 121 
immunisatkin 

ci.iriil'’[i)r\l 78 
routine 631 

individual immumsarion 
schoJuk^ (hr 631 
Lnunurury 4. 71-79 

acquired (adaptive) ZS 

heid79_ 

imtate Z1 
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focal 7ft 

tncasuEeratnr of" 78 
immuiKxongliicimn (LK) Hi 
immunodeficiency disease* 152-59 
primm imrminod^fickndcs L : 2 

daastficadoo of 1S3 
disorders of complement 153 r 156 
disorders of phagocytosis 152 
secondary immuncdriidcndes. 15H 
immunodiffusion (precipitation in 
J5el)^ 

radial 9^115 

immunodcctmn microscopy 1M 
immunoclectrophoresLfi id 
immuiKKiRymc test H!9 
inmiUi>i.:fKiHjre«eP>W (of* '.'’l l. 22ft, 

235, 245 * 3«2, 392 , 

m 40:. lOS t m 4I7.4IB. 42TI. 
490, «4, 507* SH SIS, 517, 519, 
523 

immonogLotiLns {HU} H4-91 

l fi 78, S3, 83-89, 115,1 52. 154 
164,315.343. 

and Kopy SO 
antibody paste 99 

scrum IgA (SlgA) SI 

liirD -*:i, II';, 

IgE 90.115. 153, 158,160,162, 
164 361 

IgG 87. 112.115.131.152, 154, 
lfri'i, 163. iRs, 169. VK\ 315. 564, 
511 

%M iW. 112. 115, 134, 152, 154, 
160.185. 190.315,381, 530. 533, 
564 521 

immum^nhulin gvne sup^fjjriily 125 

ilHHIDWn*talogy 
irnmimolagkal paralysis 1 4i •, 147 
immunological surveillance 5. 181 
irnrnunolppka] tolerance Lil 
immunnk^ically Ltunpeiem ll-11 
(IOC) 121 

immunnlyELn tesr 278 
imnjuoaKnk tests liiS 
iiMMriLMtiprtiphjflixis 612 H 
LmmuncrtuppressLve agents 141 
bnmujHUhcrapy in malignancy LKl 
impetigo 1,v7. 569 
IMVIC tots 46 
in cd titration 25 
inclusion bknorrhea 427 
inclusion bn.lie* 423, 424, 425 
acidophilic 449 
basophilic 449 
Gmdry type A / B 450 
eosinophilic 449 


guarnim bodies 419 
Lncficytoplasmie 499 
intranuclear 150 

inclusion conjunctivitis, neonatal form 
of 427 

indole production test 45, 27T 27S. 

280,319 

infection 

classification of fij 

steady state infection (ccDuiai 
injury) 449 
immunity 334 

modes of transmission 6h. id 
microbial pathogenicity, factors titi 
adhesion 62 

bacterial appendages M 
bacterial products 6H -ft9 
bacteriophages fiB 
communicability tiS 
inlecting dn*e fill 
invativencas 67 
plasmids 2E 
route of infection 1^ 
ftedgenkity 69 

biofcgicil activities of 
epKkm.<dn* 52 
endotosins £L, fiS 
otoroxins 67* 61 
cko Co sins vs endotoxins 62 
sources of £>5 
rypes 63 
infections, vims 

ehtitHitherapy of 459 
host response 451 
immunity in 451 
itnmu-uofwopliylajcis of 45 
Laboratory diagnosis- 455 
nonimmunoiogieal responses 40 
pathogenesis of 450 
screening of tarns 455 
tpecunens to be sent to diagnosis lih 
infectious nninonaidei.n)is {glanduliir 
fever) S3, I7P, 171, 1S9. 3B2. 4i l.';., 4.» 1. 
infective hepatitis {see hepatitis) 
inflammation 24 
influenza 3, 434 

antigenic classification 505 
antigenic smictufe 504 
antigenic variation 504 
clinical feature! 506 
epidemic 509 
epidemiology 503 
hemagglutination 302 
host range 506 
immunity 508 
laboratory diagnosis -<<■ r.' 


morphology 3ii2 
orthomyxoi'tms and 
panmyxovirus 3iil 
pandemk 5012, 505 
pathogenesis 506 
prophylaxis 511 
iponw fi r 503 
treatment 511 

types A* B, C5Q2,505, 507 . 511 
interference 441, 44S 
intofawH ITFN) 143.145. 445. 454. 4tiU 
interleukins (IL) 124, ]27, 144^45 
intrauterine infections 89, 481 
intravascular coagulation, 
disseminated 114, 32? 
iodine 3^502 
staining 424 
iodophorea H 

idomuidine (5tiodo-2*deoj£yuriidjne) 
425, m 

iso in eigen* 1 ‘•JO 

IUAT (inrematkinal union against 

tuberculoflis) 352 

Iuat-LJ medium 352, 35S 

Ixodes dammim 389 

Ltstdid ticks 419,531 

J 

Japanese encephalitis 522, 526 
Japanese ‘IV encephalitis 526 
1 jiriscb”H«ejchrimer rtKtiniu 1S-1 
Jc virus 562-61 
Jenncr's oowpox vaccine di2 
Jennets network hypothesis L14 
Jeiyl-Lyiin strain 514 
Jh vims 499’ 

Jobs syndrome 157 
Johne s ha* iliiis (st* M 
paratubeiruliMi!) 

br> y^' * aisit> tlty reaction 166 

K 

K antigens 27 j , 22i 

KAF (see conglutination actiwttiitg 

factor) 

killer (K) cells {see ADCC oelk) 
Kanagpwa phenomenon 316;. 317 
Kaposi sarcoma 477, 485, 577, 592, 
5E9, S3Q 

Kaposi's iiriceUiform eruptions 4?7 
kasha tim 534 

Kauffffirt*White scheme 291 , 

KCN medium 273, 2SSL 212 
Kykv strains 536 
Kelley's medium 399 
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kerion frl4 
kingella 410 

Kirby-Bauer method 621! 
kissing disease ■!> ' 
kkbsicILa 15, 281.1-31 , 

KJttw LutfllcT bacillus 231 

Koch's phenomenon i 
Kwh.'? postulates i, 3iSl 
Koch-weeks bariUus HZ 
Krtpllk* sjxnv 5IS. 564 
Koaihof's medium 390 
Koser's citrate medium 46 
KorttiE reagent/mediod 4£, 4b. 223 
kuru 450, 567 
kupfFer cells 1 26 

Kyasanur forest disease (KED) 521. 

522, 524 

I, 

Lxb-Leroto (commerasl meat 
extract) 3Z 

hrevs 1>EP medium. 342 
lanobanlKH 2L 266. 267. flip. ft) 1. 
Lancefidd groups jQ3,204, 210 
acid extraction method 205 
Langerhans cells 129 
Large-Sachs group 286 
I as iz lever 569 
bssi virus 447, 547. 569 
lares fixation test KX). 224. 4122 
Lattice hypothesis 34 
bzv ItueocvTC syndrome I S3, 158 

LD5G69 

LE body LI± 

LE cell phenomenon 173, 174 
legrondla 2flS 
legionnaire's disease 202 
LeniLviruses. 566 
Leporipcx virus 468 
lepra (foamy) cell 120 
lepra reaction 5 71 
lepromin test 171 74 
leprosy 143, 14b. 367, 3711-76 
classification 371 
cultivation 170 
epidemiology 372 
immunity 172 
b bora lory diagnosis 374 
morphology 120 
prophylaxis 325 
eeascanefi 371 
leptospi m 1R9 

antigenic properties 390 
cultural characteristics 390 
epidemiology 392 


ictemhemrrtrhagiai; 389 
interrogans 389 
laboratory diagnosis 191 
serological diagnosis 532 
morphology 390 

path eigen icily 391 

prophylaxis 321 
resistance WO 
therapy 293 
leptospirosis 391-93 
leptorhrLk 6fH'l 
leptoerkbia 267. 26B 
leucoradin 69^ 19b 
leucocyte actisnifi.ng ike.-tor (| AF) 1 -I I 

leucocyte cMerendarkKi andgpta 122 
leucocyte C6PD deficiency 157 
leukosis aatertma vims 573 

leukolriEnEs 163 

Jevamisok 1B2 

Les-mthaHZok-Ule (LCL) bodka £2 
Levi nth al's agar medium 134, 336, 4114 
L forms, of bacteria ICLliL 193, 399, 
405,411 

and mycoplasma. 399 
limes nul |J0: dose 219 
limn tud jit) disc 239 
limulus polyphemus 69 
lipopolvFsccharide (LPS) toxin 226- 
311 

Lapschurz inclusion bodies 474 
liquniil 231 
lisicria tdil 

Jltteri-a momotynagenci 224, 281 
UstecLiaas 1.41, 403 
litmus millk test 45* 249. 2511 
liver infusion media MS 
[.uuHIlt'v methylene blur 231 . 357 
Inoefllef'* serum slope 26, 231.235. 
152 

long acting thyroid stimulator 

(LATS) 160, 172 

hvipLflg ill F24, 538 

louse of human body (pedicuius 

btunwwt CMpffll) 413 

[.owcinldri jmsen (LJ) medium 26. 

31.352.367 

Lwbe’s tumour frogs 57ft 
Ludhxis medium 193, 128 
Ludwig's angina 2uW 
lumpy skin disease 468 
lupus vulgaris 362 
lygmum d2B 
Lyme disease 399 
lyftiphadenopa.thy' IttOCiiltd virus 
{LAV) 582 
lymphoblasts 1 25 


649 

lymphocyte transfbtmaftcm tests 372 
Vmphocynwis producing fanor 340 
lymphocytic choriomeningitis [LCMj 
virus. 447, 5£xQ 
lymphogranuloma 
inguinale 

venereum (LGV.) 424. 428 
lymphoid organs, central HZ 
bursa of fabriaus 11^ 
bursal lymphocytes 
{B cells) US 

bursa dependent iroaa 119 
thymus 117 

mesenchymal stem cells 117 
lUrtt disease 118 
ihy antigens 118, 1RH 
lymphoid organs, peripheral 113! 
bronchus associated Lymphoid 
tissues (BALT) 128 

giit-asroecared lymphoid tissues 

(GALT) 128 
lymph nodes 113 
mucosa-associated Lymphoid 
tissues (MALT) 128 
mucosal (or secretory) immune 
system 128 
apleen 120 
germinal centers 120 
fiM^agh dn vtjrpwscks or tUlktes 12Q 
lyniptiokinL* jj.tivj.1CLl killer (LAECl 

cells 126. 145 r 183 
lymphomas 574 

EB associated 482, 5ZZ 
lymphomatosis 5ZE 
lymphopoiesis L2l 
lymphoretieukr svstem, cells of I ' i 
lymphocytes 12C r 125,127,129. 
137.146.159. ISA 
]ymptuJdii« 122,123^ 127, 160. 
16? 

phagocytic cells 117. 120 
lymplmtoitm (TN E-beta) Ll5 
Jyophiiisauon 293. 434 
lysogenic eyrie 36, 462. 46S 
lyscigpnh- haxrtEria 36^ 462 

lywgRUC coiwerricui 56i 232. 4ft5 

Wsogeny Sft, 465 

Icsogenisadcm 223 

lyroi 32^ 329 

lysosomea- Z4 

lysostaphin 122: 

(ywfleyme Z3 

lyssa ph obi a (hydrophobio phobia) HE 
lyssa virus 447, S±S 
lyii.c (or virulent) cycle 56. 462 
'lyris from uithout' 564 
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M 

MadCoofcejr'i medium 2L 

machiavello. strains 41 2, 424, 42h 
fiHdiu|Mi virus S69 
nncrpgLnbulincnua A4, icJ 
roaoccouidifl 612-14 
macrophages 1 19. 124, 135, 14c. 1 . 14.1, 
166.167, 295, m 
activated 124 

acth^tiuri/sgfjregatkin factor 
(MAF) lii 

sn blood (monocytes) 74^ 136- 
characteristics of Lii 
ehemotactic factor (MCF) til 
rnigmtion inhibiting factor (M1F) 

H3 

Bunooncleac 126 
Ln tissue (histiocytes) 1 _ 4 ± L2 
mad cow disease 567 
naJuramro™ (maim ti> <r j 402, 618 

m.iitiirrlla 618 

maedi (proKiH-srve pneumonia) 567 

MAt complex 366 

major hi iioeompatibillry certiplex 

(mho ua 

antigen 129 
genes 129 

mnlwiili- Ij'iJ 

KMrWnon 1 ll'i. LS2 

major outer membrane protein 

(MOMP) m 

mslnxsexU furfur 612 
malignancy 

immune response in ITS 
immunology of 1M 
malignant' edema 73 i 
malignant pustule 244 
MaUrisi, rest 322 
utaha fci^r 2, MS 

mammaiY tumour virus (of mice) £12 
mantoux rest 361, 5 IS 
Marburg disease 569 
Mairk's disease 576 
Maaon-Pfueer monkey mammary 
eailCcf •■76 
mast cells 127, 132 
martHderioviuniJ& 436 
Mameds method 305, Lid 
mayajo situs 522, 524,525 
maEucchi vaccine 245 
Mcbridc b intratypic antigenic 
marker 494 

McCoy «lf line 425, iik, Ml 
MdiHosh-Fikka' jar H 
M deeds medium 17, HI 

measles i 143,15^ 158, 436, 440, 


446 , 447, 44k, 43^ lib 517-50, 
563, 631 

clinical features 5 IS 
labnratwy di^gr*wi* 5l9 
vaccine 530 
virus 517 

mediterranean fever 343 
medusa head a pipe a ranee- (see bacillus) 
melioidosis 332 
memory CtOt t v 1 
mettingoorccemia 323, 324 
meningococcus (are N meni ngitides-} 
222 

metabolic inhibition 398, 440 
metachrcHnasia 12 
metachromHtic grirvulfE- (see Babes- 
Ejusi granules) 
meihanamine silver stain 611 
nWlhirtobacteria, 166 
methylene blue nhctifll reft 46, 449. 
606 J 

methyl red CMR) w 4*. 273.306. 

M Tad vein's fraction 243 
mdcrnaerdphillc bacteria 2_l± |I ' J >:| 
microbial flora of human bodv, 
normal 599-602 

micrococci 194, 200^ 600, 60L, 605, 
micrnconidia 612, 613, 614 
micron Z 

miciophage 74, 122 
microscopt 

dark fiktd (dark ground) £, .114, 
386. 391, 406, Ml 
direct examination 212 
deemm E. 
interfnencc S 
optical (or light) g, 571, 
phase contrast S, Ml 
polarisation 8 
fnicnwpMum 614 
mimtunom 575 
Middfebrook’s medium 352 
migration inhibition factor (rnkfl 143 
mitkfiOfcffiZ 

biK-teti illogical wnniiwi«i 606 
diseases, milkbemne 606 
milker? nnder (parawjurniua) 466, 

472, bfc 

miLlfcinnajre molcrtdt 89 
mima polymorph a 405 
mimeae 405, hill 

minimum bactericidal nmeertttaru.su 

{mbq m 

minimum tmljtk dose (MHD) 102 
minimum injecting dose (MID) 63 
Liihibitofy ccmcentranrm (MIC) 

630 


lethal dose (MLD) 69. MK. m 
meting dose (MRD) 239 
mink encephalopathy 567 
mkugoik factor (MF) 143 
Mttndl'l crude antigen 574 
Miranda's late TEOrtinu 374 
mixed leucijcyte reaction (MLR) 1 30, 

m 

mixed lymphocyte culture (MLC) 1 ''9 
mohiluncw 366. 767. 4]0 
molecular biology, basic principle of 3. 
51 

molecular epidemiology 62 
rtM.-dlicutE* 395 

Malluscum eontagiosum 449. 4>|j, 431 
monera 

motiiliaait 589, nlfr 17 
monkey fewer S31 
monkeypox 468, 471 
mcmoclnniJ antibodies 1 13, 135 
momocytt (see ■rucffi'pfiage*) 
monokines LLi 
monomorphism il 
Honsur'a CTTA medium .tflfi 
Morut-Axenfeld had bus 410 
monxcltj 2 hi, KlQ 
tnnrballivinii 447, 512, 517 
moijtanclla 272 g“4. 2(12. 233 
tnoryaiiii. (formerly Promts 
mcHganu) Ml 

mtupohnluykid inde* 3 Vl I, Mi 
fDOuUf [a$pergillut, mucor) 607, 610, 

624,. 

mousepox 4'1, 4ft$ 

M pmteins 9j^ 205,206,209,502. 
5<H 512, S13 " 

MS marker 494 
mucormycosis 624. 622 
mu cur Bpcdes 612, 624, h25 
Mudler-Hinton tnedrum 213.125, 
22S 

multiple myelcmu ISh 

mump* 143, 171, 434. 44fl, 45i. 45«, 

501, £12 

clinical features 513 
epidemkiL^j- 5 I 1 
immunity 514 
laboratory diagnosis 514 
properties of the virus 31 2 
prophylaxis 514 
mumps orchitis 172 
murine leukosis virus 575,578 
murine typhus (tee endemic typhus) 
snumy valley enceptulitLt virus 526 
mus muse ulus 41.6 
mutation M2 
mitoj^ns 142 
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NT^gavca's panuIocotpiseLts .i2H 
myasthtnu gravis HI 
mycelium *10, 614, Et2i 
mjTrtism 63" 
inyceToma 402 r 618 
mycobacterium 

africanum (llticu tjpe') HL 
154. 16B 

ssiatkiun 16$, 3*8 
atypical 3*5, 3*6, 368, 
anrium 366 
Mnei 16ft 
tjuvss 33 |. 166 
bundi 

hutvricum 151 

chrimii 153. 367 

dHSEificafion of diHerenrintuin 
between M rtiarinum and M 
ulariiH 366 
fate 368 
fonuimm 367 
Bmlmc lii5 
haemophilum 365 
mtnuxJkikrc 366 
kansaeu k' ; - : , 366,369 
leprae 370 76 

lc|ir.iL‘ nii.murri. 375 

iiiiLiwfnit 366 

tnannum 366, 367 
microti ^354, 366 
pamtubcrcijbras CJohne's bacillus) 
366 

phlei 166, 366,367 
schimoldei 16ft 
scrotulaceum 365, 366,368 
slrqiae i6’~ 
smegmatis 367, 3 51 
sterenns 
gjpialgai 3fvb, 16B 
ulumu .366-68 
rcnopi 366,367, 369 
mymbartKrium ttfaniijtil 3^ I fr- : , 5B9 
myrndrtgy 610-27 
mycopljEmi ]Jj 171. 395-99. 430. 
431, 600,601 

mycoplasmal pneumonia 397 
myeww 612, 614 
mycosis fiingoides 578 
myootk keratitis I±25 
mycotic poiFoning 627 
■gmtBHDH 627 
myelohlasraaaa c 78 
myeloma (M) proteins 12 
mjTkipenwidpw: deficiency HS7 
mykcuidtusis 445 
myumira 445 
mpavinis 435, 503 


N 

v medium 5 8 

Nag)w reaction 251, 252, 256 

nairoviras 447 

Nairobi sheep disease virus 333- 
naEopharyTigHii carcinoma -It 3, 574, 

526 

native (M) antigen 491 

natural killer {NK) cells 126, 

neemhsing teditu 

enteritis 252 

IWuris 203 

je/unitia (enteritis ocaobam, 
pisbel) m 
reriniris 472, 481 

ncffi bodies 449. S36, 539,540. 543, 

$j& 

Nieill-M«»«‘ (mnkj) p artwn 41$ 
neisser's starm 1J, 111 
netswria S3. 33? 3ft. 134. 599.600. 601 
catarcfialis fBranls amelia 
caturbalis) 43. 229. 230 
ditTcrcnrial chraettriacics of 129 
N Hava 334 
N Have sc cue 224 
N gonotrhoeae 225 ,19 
ESI merti-tgitidU -1.5, 222 2 '. 

N sicca 219 
Nesslir\ reagent $6 
neuraminidase 170, 431, 434, 443, 
447, SQ2. 503. 504. 505, 506, 508, 
511, 512, 516, 518 
nsurotoHin 2 5S. 265, iso 
flsuiralisannn, resis 4, 11 1 1. ll'-r. 250. 
457, 437,433, 1L6. HL 572.523, 
525 

neutral red rest 111 
Newcastle disease virus i: i 6 
Neaekjf nskoflK -55 
niacin teat " ' 3 
nipth virus 571 

riwl bodies (chromctotym) $22 
ismut *dLam«i near 46, 353, 4*74, 407 
nocairdia 4QIJ, 4ii 1. 

astern id a 402 
braailkiws 4Ji2 
caviae *>2 

nooaedkiHS. svsotmk 402 

■ p v ' 

nomenclature,, bacterial (see bacterial 
taxonomy) 

nnqign(HOKEIt urethritis 427 
nanphornchmniogens 1u5, 366 
BOHapondea 113 
nonsccfctors IHf! 
ncniFpccifie inhibiten EM, $04 
nonsporing anaerobes 7hft-?i i 


nniwallt vinu 573 
nosocomial infection 634—39 
nucleoca paid 431,435, 437, 446. 512 
nuU cells 125 
nutrient agar 1Z 

o 

(."2±kkry— Fui [ Ilt u pe jmocedure 9 b 

oculomycosis 627 

Ogsrwa, and Innba wtoCyp« •! 

tu tuberculin (OT) 361 

Omsk hem curb ape fever 522,531, 

oncogenes 

cellular oocogaott (c-otvc) 5 1 
proto oncogenes 5Bfl 
sie nneogents 5>< | J 
viral oncogene (v-onc) 5Rii 
anti--nnenp^nes 5R0 
cbmmrMorml location in human 
beings SHI 

mechanism of oncogenesis SHI 
oncogenic vrnjecE 574-81 

as&vi.ired Vfiili hunurt cancer 57fi 
diU virmes £7^ 
nu viruses {farmer]^ 
cinccmavinu-ses) 577 
rotrovitus 577-80 
H one-step grmvtb tTir™' 465 
oViyong-nyong '-mis 522,525, 130 
oofipons 611 

‘opaciTy ass<3aated' (OPA) protein 226 

ophHiaimia ncunarorum 222 

oprooins 122 

i?psonisatkin 1M 

optochb test 216, 7' V 

ixnJ polio vaedne [opif) 494,495,531 

ocbrviPM 44fi, 514, £Z1 

orf (conogiouE puKtukar dermarifis) 

468,472 

nmitbodtints 380 
omithewk 428 

orepharyngitis (™tntl angina) 188 
oropowche virus 522, 524, £12 
orcya feser 42ft 
■orphan" viruses 12H 
orthonij'xovijus 433, 4M. 5lil-l 1 
octhopoKvjrjE 468, 471 

otomjvu«u 621 

Ontn't Tjbvidej a strain 110 
ouchtedony piocrdtm 96; 2Z 
Oudin ptixpiluro % 

■cwidaAe ttaefion 4s^ 4Q4, 40$, Jjl 
oridacioririeducQon (nsdoot) potajhal 22 

P 

pandemic Tu, 5Q[, 5(1E 
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papilloma vilti 49ft. M2. 574 

papovaviruw* 437, 444, 445, 446, 

562. 57S 

ami cancer of the uterine 
cervix 562 

poracocddliojcfes brasUicnsb 622 
paracix-cidroidomycoHE 622 
pmolfXlf 271. bllii 
p^JwrvfWiiia vifMl SU-16 
jmJytk polwmytiitia 490, 422 
pannkyKmriiic 937, 447 
paraptwvmj* 46$ 

paratyphoid 290. 606 
paravaccinia (sec milkers node) 
pim^mal cold hemcglobiTruTia 1 ffl 
121 

pjirH3Jf>Tm?J UCtWll hcmoglobintmi? 

114 ' 

pjtrvovmdae 447 

parvovirus 431, 433,. 437, 447.563 
paschcn bodice 422, 431. 469 
puussenger virus 4®2, 574 
pasiHircUi 323-■ 
aviaeptica 324, 331 
feoviseptica 331 
lepivpbn 331 
multodda 3?3. 331 
pCStisB (wee yerairuiL! 

pseudotubercubsk (s« yersinia 
pseud otu be iculosis.) 

Pawt Burmel test S3, «. 4B4 
pediculua hummus coiporis {body 
louse) 3L 386. *1 3 
penicillinase (beta, lactamase) 194. 228 
pertieilliwME 625 
peoidlfiBin 612. 674, 625. h2ft 
mwneffei 62i 
pcntons 48s 
peplomere 431 

pepridcgiycm 1 62 . ]9j, 205 . 221 
pep tocccd 26 6, 2h2 
pcproatPCpTOCiiccua 267. 270 

anaerdbius (former h r P puiridui) 

2&2 

■Hcdm^riKat 262 
magmts 767 
prcvoti 2ft? 
tctradius 2ft? 

periodic add echiff stain (PAS stain) 
611 

permtabilhy factor (PF) 31 1 
per nasal swab 342 
pcreoddare test 107. liiS 
persistent tolerant infection. 14# 
pertactin 341 
pesiis miAur 527 
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C igruni medium 352 
off h * method 357 
PkjW'a patches 119. 120. 296. 492 
PfcfcrrUa 321 


Pfeiffer's badlliit 333, 501 
Pfeiffer's phenomenon Hu 
phacoamph^daxis 123 
ph«ohyplwmyc«Pt 61? 
phige 
assay 466 

conversion 46.2, 465 
DMA 442,363 
susceptibility test 307 
typing 466 

phagocytosis 126.205. 225,126 , 221 

disorders of 153 


phdgolywrome 7k. 122 
phagosome (ncuole) 7k 126 
phenctk system id 
phenols 2i 3l 
phenotype mating, viral 445 
phialophora 619 
phleboiomui fever 532 
phlehotomui papvasii 532 
phlehowrus 447 
phosphatase test 607 
photodiromogens 365 

phihtntTDphi 20 
phycumyiietes 611 

phycomytosk, subcutaneous &2I1 
pieornaviridie 44? 
pLonrnavinises 432, 433, 490-51X1 
piedra 613 
piedraia bn rose 613 
pigeonpos 46B 
riWs. medium 2_Q 
pili (see fimbriae) 
pLnca 377. 335, 

Pitman-Moore strain ill 


prtyriask renktibr (tinea snacolor) 612 
pityruEporum 

OtHOlIn (Mil™* furfur) 612 
ovale 6QQ 


plague 326-1 [) 
bubonic HI 
domestic .328 
mild (pestis minor) : ,27 
pneumonic 377 
prophylaxis 
septicemic 327 
plaque uw ±42, 44®, 466 
plaque inhibition test nil 
plaque reduction ncutraliaatiaii tear 


(PRNT) 522 
plaques 466 

plasma c*LU 117,119. 122 


plasmids 14 53*5^52 
plnsmolytis 23 
plasmoprysis 23 

platelet activating factor fPAF) lftl 
pkomeuphiim 17, il 
plcabmnnas ifiS, 317 
stugclMdes HI 
Piet medium 212 
pleuropneumonia-like organisms 

(PPLO) m 

pf i riiM s is-1 y mp begra on l<> rn a 
trachoma fPLT} 922 
pneumococcus (ser. pneumonjw) 2, 
14, 2 16-21. 224 

pneumocystis earful 582,589, 592 
pneumolysin O 219 
pneumovtus 447, 517, 116 
pock assay 44$ 

poliomyelitis {infantile paralyfis) iL 
72, 7-6.258. 445 r 4S8, 400, 491 
abortive 4!i2 
eradication of 
ncurpajalytic J_i2 
paralytic stage 49.1 
strains type: b 2 and a 491 
vims 491 
polkjvactlnes. 493 
polfcmniKI 491-94 
polyacrylamide gel eletrtrapfeanrtis 571 
pohfkaryDcytosis {syncytium 
formation) 449 
polymerase chain reaction 591 
polvOrtia virus 946 

polyTibcuyf ritwiol phosphate (PRP) 
antigen 135 

pedysaedmide vaedne JlS 
Bondcri stain 231 
Prjrtlilt fever 9i'j : j 
pooled human gumtiwglobulin 77 
poamaral swab (West'* pOUflwnd 
swab) 342 

post-transfusion monanudeosk ISi 
powlssan virus 523, 531 
poxiTridac 44(j, 46$ 

PPA nmctkrn 212 

Pnumtre-Kustner (PK) reaction fKI, 
IM 


precrpiwritm ftaction ■ft. 9k 623 
FreiEz^-Nocard badHus 240. 122 
prertiunidofi 7ft,. .1BJ 
presumpovt eotfrtrrn ^osmt 19, 60Q 
primarv atypical pneumtmia {PAP) 
S3, 397 

primary- comptex 355 
prion 44®, 567 
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progressive multifocal 
LeukoenocpbalopJihy (PML) 562. 
566, 56® 

prokaryotes 7, 4. : -n. 
properdin 
pathway HI 
system 112 
pmphjRC 46-5 

pnpmbadeiUUl .1 -Hi ■ tiL 2n‘J, 600 
pmSidcrnLC disease ZO 
Prospect Hill viruses 522, iii 
prostaglandins L6J 
proteinase 2fl? 

proteus 272,274, 275,2S2, 235, 415, 

•l- : , -h7, mu:, 61)1.6115.6?;, 635, 

'haucti' form 2£2 
'ohne Dutch' forrti 213 
minibiLis 2$3, fiM 
cntiTgariii 213 
strains 

ok 15 413+ 4ia 
<0.2411*41 3! 
m k 413,413 

221 11£i 60S 

protista 7, 4® 
protoplasts lfi+ 12+ 222 
pro trachoma 4.76 
previdencia (formerly P/uitiis 
in constans} 274, Zl-'.l, 
alcalifwierls 283 
rengtril 2E3 
stuanii 2$3 

provirus 577, 578, 531 

pnxccHie phcn.omiir.:,ri '-I. 382 

pseuiJnamhraji bacilli 246 
paeudolysogeny 754 
pseudomonas 12, J7-- n 119-23, 600. 
603, 62L 635, 6:V- 

ierugjiiKiH (ps, pryacvajiea, b. 
fttxymm) 21 11 '22121L21 
466, 600, 635 
cepacia J2l 
mallei 321 
maltophjla 221 
pscudomallei 122 
pscufkiffijceliusw 610 
pseudemrion 445 

psilncybc; sp. 637 

pEittacosig 422, 42S 
peyvhrophiiic bacteria 32 
purified protein derivative (PPD) 361 
purpura 330 

thnwnhnt.'^'tH] peril C 1 <>'l 
puumala virus 522, 53:1 
pyocin 466 


pyocin typing 320 
pyoderma 2u4, 2llH 
pyrimidines 397 
pyr test 204, 205 

Q 

Q>rer H 41B. 419-20, ,606 
qudhuE reaction 2l 9, 335 
quinsy 201 

R 

rabhit fibroma 5741, 126 
rabbirpa*. 46® 

rabies Mil 430,432, 439, 44C. 447, 
535^46 

rabies rclared viruses 
lyssa virus 546 
rabies virus 535-37 
radial immunodiflusi™ 4n* 509 
radioactive antig^n-hindir^ tc-St 
radioaHergoscubent test {HAST) 16-1 
Tad io immune ass av (RIA) b-b. 174, 
221,457. 572, 

Ramsay lluni syndrome 481 
Ranrz and Randall's nrefbud 2113 
Tat Lure fever {RBFJ 405 
reagin antibody 164, 379, 381. 382 
receptor destroying cmtvmfl (KDE) 
434,503 

Rcmabncint ij-MA r rv Lc.™ ^ 61 

Tecomhanatinn viral 333 
Reiter's syndrome 229, 39®, 427 
redapEing fever 382, tih-WH 
TRFvmis 4lh, 443. 5 ' 1 
rtauuriri if sc 606 
reservoir hosrs 61 
resistance transfer factor (RTF) 57 
respirarciay syncytial virus ~12, Hfi 
nsnienon endonuclease 
polymorphism (RKLP) 179 
reticuLare body (initial body) 422 
reticular dysgenesis of tie % r uri 153, 156 
retrovirus 433, -liy -77. 7 " -Sill 
eeno-mk structure ill 
bosr spedAcirv 12H 
morphology ^74 
virus rransmisaton 57® 
reverse transcriptase 437, 577 
reversed passive latex agglutination 
(RPLA) tests 196 

Rrvf* syndrome s07 
Rinmur^ank phenomenon 61" 
K lactor 304 
rhabdHjviruwp 535-46 
thinosparidkiKis 617, 630 
TbinoviruEes 434. 447, 499 


rti-|M.¥pl t:iliis ssuiguksttisticks alii, 51.1 
rhizopu* 624, culS 
ribosOnnt* O 
riboviiuS 4-i6 
lickeUBtac m. 4i.2°zi 
akari 411 
bunweii 419 
canon 415 
parked 

prowazelui 413 
nckeitsii 415 
riberica 41.5 

tsutsugamustu (R orientalis) 416 
typhi (ft moused) 41 7 
weii—felix reaction in rickettsial 
diseases 41$ 
rickettsial pox 3l£t 
RLdwl Walker test 33 
RLfr Valley fever 521 524, 521 
ringworm (tinea) 612, 614 
Ritter's disease IS 
RMA viruses 447,569 
Robertson's cooked meat medium '44, 
198.3C5. 248. 25Q. 256.257. 

robovlrusw 52 L 533 
ruchalimaea quintana 41 Ij , 4i2b 421 
Rcr.ity XlxiJYtiiri sponedl few 414. 416 
Rost-Walif [ssi IDO. 174 
Kiiia Rlvw vlnu 524, 525 
mraitirui 104 107, 448, 521 
nxts Earccuna virus (RSV) 439, 17H 
routine t«i; dose (RTD} 466 
cpt cud teat (rapid jiktfna fly^o) 1HL 
rubella 89, 148. 451, 45^ 54^ 563- 
66,632 

rubeola {set measles) 

rnbidrus (rubella virus) 447, 523, 563 

Rum disease (j*se lymphuid ftrguu, 

central) 

Russian spring summer encephalitis 
(RbSH) cHTrnEdex 524. 53ft. 531 
RSSE vaccine 531 

S 

Sabin's vaccine 76, 458, 494 
Sabuuraud's glucose agar medium 611 
Bachs buffered glycerol salim: medium 

m 

Salk potio vaccine |VI3 
salmonella 27L HI 7911-404 
antigenic sCrrctun: 291 
antigenic variations 2S2 
bactetiirphage typing j('ri1 
biochomkal reactions 
Kauffinon-Wbife schenw 2'Jl 

pararypbi A, B, C 293-301 
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pathogenicity 2S5. 
phage COTKfliMl 3QQ 
typhi 37.69. 167.274. ZHO. Z9tF- 
9.3. 300. ,m 466 
typhimurhim 301, 303. 635 

aalcTiffftcIloSjS 606 
SanarcLLi phenomenon 16" 

&andflv fen-/ (pappataci fewer) 522, 
524, 532 
virat 522 
saprophytes £4 
sardna 607 
safellittEm 313 
Sauioii'x medium 352 
Sehiek tear 78, m3, 232 
SdiuJct charlton reaction 207 
Schultz-Dale phenomenon 162 
Schwartniun icnctkMVptasionHion Hi 
sclerotic cells 619 
sonrochfunvujreiis 365 
scrapie 450, 566, 567 
scmb typhus 414, 416. ill 
scutula 614 

s&crerary immune system 78 
secretory piece 8£ 

Seller's technique 540 
Semliki forest vims 522, 525 

Semple; vacrine 540 
■‘scndai virus' 454, 455, 515 
screny test 279 

sonmcun (5'bydraKy nypEiinunt) 163 
terraria 282, 6<Q3,635 

marmcens (bacillus prodigiosus) 

2fl2 

serum sickness 114. lea 
severe acute respiratory syndrome 

{SAKS} 570 

SARS CHm virus 569 

taKT-ffnb' technique 3ffl 

'iCKlIul'Eiuel 58 
Sea-ary syndrome 528 
Shanghai fever 120 
sbeep-pcw 46$ 
shiga-lLke it mn 273, 275 

du«da 271, 275. 2m 285-289 
bnydii 285 
epidemiology 
Oexiteri 2B5 
schmitzi 286 
shigae 786 
sonnei 286 

HhimtOcwk 236, 2B7. 2RR 
shingles (see herpes aosrer) 
shipping fever 515 
Shwachmans disease 15R 
limian vuudhijnf vims ($V 40) 5Z5 


sindbis virus 524.525 
Syjgroix s\ mirncrut 173, 1/4 
skin blueing seat 111 
slide L-CKiyxiLoC test 192 . 193 
slime layer 12 

slow reacting substance of anaphylaxis 
(SRS-A) 163 
slcrw virus diseases 566 
slertw iransformliig vinuca £22 
amdlfKn 1—4. 446. 46R. 611 
vaccine 468 

Smirh-No^uchi medium 42 

sodoku £6 

soft urn 337. .172 

Snkhcy's vaccine 330 

specific soluble subsran.ee (SSS'i 217, 

llfl 

spermine Z3 
sphetvipksrs 12, 13, 125 
XplriHuro minu* 405, 106 
spirochetes 2. ]4.235. 177-394, 601 
SpOfUmo^Mtt 611 
Sporothrix (sporotikhum) schenckii 
619, 6211 

spitted fevers 412.413. 415 
staining techniques 2, 9-10 
differential S 
i mpregnation method B 
negative B 
simple 9 
staphylococcal 

Food poisoning 196, L9S 
lesions 138 
pneumonia 12Z 
scalded skin syndrome 197 
septicemia 192 

staphylococcus L 192-201, 224. 333, 
334, 461, 466, Ml 
slbus 1122 

aureus (farmefty, staph, pyogenes) 
192-94.195. 
bacteriophage typing 197 
cultural characteristics 193 
cfmkmology 197 
kbonmr dtagrinfli? 133 
morphology 192 
pathogen id ry 194 
toxins and virulence factors 194 
treatment 199 
intermediui 21X1 
pyogenes 192 
aaprophyticuK 2M 
staphybkmtse 195 
steam, sterilisation 2±, 25, 27 
steam sterilisers 2 , 22 
Stenonnpliomrmas irraltuphila 321 
sterigmata 625 


sterilisation 17* 22. 27-.16 
chemical agents 24.30 
pasteurise non of milk 26 
flash process 26. 419 
holder method 26 
physical 24 

cold sterilisation 3Q 
controls 25 

ititermirunt (tyndallisatLon) 2Z 
physical agents 

drv heat 25 

r 

hot air oven 25 
incineration 25 
mi list heat 25 
radiation 2S 
ionising 28 
gamma my* 29--30 
high energy electrons 30 
infrared rays 29 
fiOflinnising 29 
ultraviolet rays 29. 33 
sunlight 24 

ultrasonic and sonic vibration Ivi 
steme vaccine 244 
stomoxys ralcitrans 244 
stormy fermentation 45. 25Q 
strain 49 

straus reaction 322. 348 
xTOer virus 536, 

streptobacillus monolifarmis 17, 399, 
405, 606 

streptococci W17-3H 
dassiricatiiin of 2112 
alpha hemolytic 222 
beta hemolytic 202 
tnrtrococcus group 203, 214 
gamma nonhemolytic 
(indinierem) 203 
lanrAM gjoups 204, 205 
srridsms group 214 
medically important 2£M 
streptococcus 

pyogenes 204. 2S15 
sdivari-us 25 *! 2U 
sanguis 214 
yiriiiiiu 214 
streptococcus mg 214 
streptodomase 707 
streptokinase 3117 
streptolysin o 206 
streptolysin s 2H6 
ytropcnmyces 400. 402 

f&eptocjme test 21Q 
string test 306. 3OS, 316 
Stuart's transport medium 38 
subacute sclerosing panencephulitis 
(SSPE) 518.519.568 
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subacute spongiform viral 
encephalopathy 566,, 567 
Mibunir vaccines 458 
sugar fermentation test 35 
pujHnuua 4&8 
Sub's medium 152 

sulphur granules -II X. 1 , ‘<1 ■ I 
Siinbarger-Chise phenomenon US. 
superantigens 142, 197, S07 
supermfocrion S5S 
nperinfcciioa iiunuMf 465 
au|jpce3aQf (cyrMaxk) cetk 132 
saifufle phuocybHU 2'9 
sushruta lamhita I ■ n 
W M rirus 494 
Svedberg unit Bd 
■nreep plate technique 60S 
swimming pool oqiinctnilii 427 
swimming pool panulomi 3> ■ r l , 3fi9 
f>inEpox 469 

Sitiss type ^^-jjpiniikjrlcJmLiitert'ul 15_3 
fympurhtrhc ■ i,| ■ 111 1 1 j I: r.i.. t , .1 
syphilis 89, 9 ^ Ml UH !££ 377-95 

conj^nital 3R5 

pnnlitrVis, 38.5 

brent 380 

nedwerLereal 380, 383 
neuro 383, 3M 
pri mar y .179 
secondary 379 
serological tests Ml 

lUltHiulsd r ..| ■ ii.i j ■ i.i'7: i.. 

ieag)n (RPR) tear 381 
Kahn test .151 
reagin antibody tear Ml 
Reiter protein complement 
fixation (RFCF) test 382 
KPR test m 
VDRL test 333 
standard tests fur (STS) 381 
tertiary (quaternary) 380 
treatment 380, 382,383, 13 l 
ire punemal tests 373 
venereal 379, 390, 3M 
syphiloma 379 
syriac ulcer (egyprian) 231 
:ii -Tesfii,. lupus erythematosus (SLE) 
90, 114, 146.171.173, 383. 

T 

tain vaccine 299, Ml 

tacaribe vims complex 447, 569 

tanapux 468, 472 

tsefshis iibcdiuin 352 

T cells (T lymphocyres) 118. J 20. 

121,122. 152.155.483. 485 


characteristic 125. 

cytotoxic 135 

effector !2Ci, 121 

grtwth facturTOf) Mi Mi 

heLper 111 

killer (K) oik Ma 

maturation MS 

memory 143. MS 

natural killer (NK) MS 

nil «lh MS 

receptors (TCR) 1-M Mfl 

icguJatoty 143, Mi 
surface antigens 1 ix ]J7. 

T ceil Leukemia 3 
tetanolyssn 259, 2ni> 
tetanospasmin .?'9, 25il 
tetanus 252 

iMiuniutuin 2 foi 
incubation period 252 
laboratory diagnosis 2£n 
otogenic 759 
prophylaxis 2tn.j 
toxoid 2itl 
treatment 362 
tetanus neonaronim 2<M 
tetrathionate btoth 52 
T even phagss s62 
ThayCT-Martm medium 22 i. 22>, 22H 
Theobaki—Sniidj phenomenon iffl 
thermal death point 22 
thermoiabile exo toxins M2 
thcimuphiles 22 
rhermoprcdpiiin test 245 
"nici-msen-Frejiicnreich phenomenon 
131 

thrush 61ft 

thymic hjpt.tflatia (DigHKge'l 
syndiorne) 153, ISi 
thymocytes 117, 124 
thymoma I 4-1 
thymosin 117 

thymus (set; under lymphoid organs, 
central) 

thyroiditis l4l. Ill 

i:-iyn,i 1 '.>xifis>. (fiieaves disease) ] ~ 1 

Tickhome viruses 5 tij 

tinea 

barbie (barber's itch) 614, 616 
capitis 614, fi 1ft 
corporis LgJabrosiO 614 
i cnris 614, hlh 
imhelcata 614, nL_ 
nigra 612 

pedis (athlete's foot") 614, 61 6 
vienicnlur (we pityriasis 
vcrskulor) 1 .12 
tissue- culture;. 438 


cell culture 435 
■explant culture 439 
mgan culture 439 
rofeaeos mosaic virus 431, 432 
Todd-Bewitt broth 2115 
rogaviridae 447, 523, 563 
Torres bodies 523 
toxic $hn<tlc syndrome (TSS) 168, 
196-97 

matin (TSST) 196 
Toxoplasma gondii 72 635 
T protein 205 

tracheal evtotcBon (TCT) 340 
tradMOia r 422 s 424, 426-27 
epidemiokigy iM 
laboratory diagonal* 426 
transrtpeidukn 445 

tranxcubofaitun II dehciency 15-1 
transduction Ji, 55. -Wo 
transfection -Ift l, SEU 
transfer factor (TF) 77^ 79, 14 . 166 
transferrin (binding pro rein) 'I 
translfttftnsituai 5 441 

trit'LslMcYuiur Howih factor-beta 

iTGFI US 

transient hypngamnuglohLJLhernia of 
infimey 151 

CiaiaJihiHi inhibition ptorein (TIP) 
454 

transplantation, immunology 1 26-78 
tran^ilant (or graft) 176 
dasskfkc&iian of 126 
transport piece 98 
transposon [■!) 
tiavellier's diarrhea 228 
trench frver 413. 414, 420, 421 
m|Pi.Nnsma 2hfi, 377 
cafareum 377, 28it 
erukniicuni 377, 385 
pallidum 377 
jtiraliiisouruduili 38ft 
pertenue 377, 385 
yhag<e«ients (Kdccr crcponcmO 

rcSit'Lfffne 186 
strains 

nichol s 37s, 
reiter 125 

trejaioematoses 38.1, 385 
TRIG agents 424,428, 
trichopbytin [fimgus antigpo) 614 
ttichiHjh} tun 614 
trichosporcin beigeLlii 613 
mphenyj teuazolium chloride 1.1" IC) 
rest 277 

triple antigen (iLULlne) 238> 26L M3. 
rrij)t ^igar iom flTa!) jgu medium 46, 

41 
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ErtHilbiculfi Hi 

tsutsugamushi disease 416 

tuberculin allergy lil 

(infection) type hyprrverwitrrily 1M 

ruherculaproreLn 356, 359. 36rf] 

tuftsin deficiency Li£ 

tularemia 324., 331 

turnout nrcro'sis factor 

; t :i, Ii::112k 127. 130, lil 

rueikevpox 468 

turlock virus 522 

TWAR (Taiwan acute respiratory) 
strain 423 
TWEUK-SO 151 
lyndallisuriun {see sterilisation) 
typhoid fever (sec enteric fever) 
typhoid vaccine 

injectable (typhim-Vi) 232 
live (typhoral} 302 
typhus fever E33, 99, 295, 416 20 
endemic {murine or tie*bow 
typhus) 417, 11B 
epidemic (classical, gaol fever) 

m 

rectudeseenf (Brill-Zinsser 
disease) 4t3, 415 
Tzanck cells 477, 471) 


u 

ultrasonic vibration J3 
ultraviolet rays 21.25. 29 
undulant fever 345, 
universal donor 187 
universal Lmnvitmsanou programme 

(UIP) 611 

universal recipient 1SZ 

ure*pl*sma 225 

weaplasma urealyricum 229, 39 K 

urease test 4^ 306 

useless immunoglobulin *67 

V 

vaccine 

booster dc.wE 76^ 134, 54.3 
FfiS 

sub*ink 441 
tissue culture 541 
hepatitis b 63 2 

vaccine preventable diseases (VFD) til 
vaccinia £34, 439, 46 R, 463 
varjcclLi {ehickpoK} 438, 478-30 
varicella zoster {V-Z) 4?3-ft0 
variola 468-71 , 425 
variolation 4 l 
VD ftL antigen 379 


vectors 65 
biological 61 
mechanical id 
veiltenellae 266 

venkatraman-ramikrishnan (VR) 
medium 306 
veto cell line 441, 444 
verutytErtKMiirt. (or vcmtincin) . 275, 279 
vernrea vulgar is (human warts) 162 
verruga peruana 420 
vesicular sranaciris virus 454, 522 
vesiculovinis 522, 534,535 
v factor 333 
viable count Hi, 64)6 
Vi iuiiigeii h' ; , '-rh, 4h-4 466 
vibrio li^-l.lH 
alginolvticus 317 
cholerae 305 

classification M2 

c3i»r .lOR-15. 

Nsi^ (rtonagflLitimble) 
vibrios 30Z 

NCV (rooticholera) vibrios 

302 _ 

differentiation from allied 
genera 301 
mupk(>kgy Mi 
comma Mi 
mimicus 316 
paiahacmolyricus Hi 
vulnificus 317 
vihrlon huiyrlquc 266. 
vihrion stprique 2<4 
vidorahlne 459, 478 
Vincent’? angina 235, 263, 383 
Vi polysaccharide vaccine, injectable 
purified 632 
viral diarrhea 635 
Virchow’s lepra (foamy) cells 3213 
virion 431, 455, 437, 433 
vixoids 448 
virulence ttZ 

enhancement of (amnuiiiun) 62 
marker antigens (VMA) . 279. 297 

Tt-JuL-iims of (sjsdtatinin..) 6Z 

test 236 
virus (es) 

abnormal replicative cycles 433 
artificial 169 
assay 441 

earning diarrhea 572 
chemical properties of 432 
classification and nomenclature of 
Mk 

tultnatkin of 438 

animal inoculation 439 


embryonated eggs 439 
tissue culture 439 
defective 438 
fixed 536 

genera] propeitie* 43ft 43 
genetics of 443 
gyowrit in cell culture 439 
bemaggjturiuatiori of 434. 441 
incomplete 438 
morphology of 431-33 
oncogenic 574-61 
spread in the body 4511-31 
vaednes 433. 432 
vismi 566 

Voges-Pruskaiwr (VP) test 45* 273, 
307, 

volutin granules (Bahes-ErnsT 
granules) Li 

Von Magnus phenomenon 4,36,506 

w 

Wa gat sum a agar 'Ufi 
Waldenstrom's mactoglobuliiiaemja !dll 
Wliknvn virus 534 
Warthin-Finkeldey cells 5iS 
waits, human (verruca vulgaris) 562 
water, bacteriology of 603-605 

presumptive coLfetm count (224 
warerean perineum 222 
VVarerhouse-Pridtrichsen syndrome 
167,223 

wejgl's vaccine 41ft 

wed’, d.*e*se 3S9, 391 

Wfeil-Ftl^ moon 1^99, 2E1. H3. 421 

western blot tesr 592, 393 

west rule virus 522,524,526, 

west's post nasal swab 342 

'wet kiwimg' 597 

whey ag^udnadon test 150. 607 

white graft respouBe 17S 

whitlow, herpetic 476 

whooping cough 340. 342, 610 

W : -3S cell strain Ml 

Widal tesr 99* 292, 29B* 299-300 

wiUon and Blair medium 57* 290, 

298, 3ffl 

Wdooti-Aldrich syndrome 146, 136 
wood's lamp 615 
woolsorter’s disease 244 
Wright's stain 411 

X 

xenografts (formerly heterografts) 177 
xenopsylla 
asna 323 
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dlHJpis 33.7 
X factor 333, 33B 

X-linked if ammigltibiiLinacmLa 1 51 
X-]ink#d Lvmphoprolifcralivr 
syndrome 49j 
xeroderma SB 1 ? 
syk* H4 334, 4dS 

Y 

yaba nru& 469, '75 . Slk 

yaws (fr*mb«Fia) 377,385 

yeasts 6 C 4 610 

yeasi-like fungi 610 

velkw Fewer (yellow jack) 43E„ 4,19, 

446.521, 522, 523, 527 

vaccine (l7d strain) 4J?, 3S0 
virus 436, 52i 
yersinia 272, 32i 

cruerodLfjLtu.i 330 
psstiE (pasteuiclla pcsris) 334 
pieudo tuberculosis 330 
ycninltas 330 

z 

Ziehl-NeelKn staLinlng techniqiK 10. 
17, 44, 351, 357, 

Zinsser's uniriri an byputhci* Ii2 
mu a glomeruSosa, cells of 172 
noaie uf inhibition 628, 629 
io«e phenomenon ii4 
iwnows 392,419 
zoonotic rcrrad 416 
zoarer immunoglftbulrn {Zip) iSlj 

tjpmij 1M 

xygoapore 611 
zymosan 312 
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